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THE NORMAL ABSORPTION OF FAT, AND THE 
EFFECT OF EXTIRPATION OF THE PANCREAS 
 ONIT. By VAUGHAN HARLEY, MD., Assistant Professor 
of Pathology and Teacher of Chemical Pathology at orsccet ed 
College, London. Grocer Research Scholar. 


Tue results recorded by previous observers on the siete of fat 
from the alimentary canal are so different, that I considered it would 
be well in connection with pancreatic diabetes, after total extirpation of 
the pancreas, to take up this subject. To properly understand this, 
however, I found it necessary to make a series of experiments on the 
normal absorption of fat, and the results of these experiments I shall 
first narrate, as they will serve as a standard of comparison to the 
experiments after extirpation of the pancreas. 

Eberle’ showed that a watery infusion of the pancreas when shaken 
up produced an emulsion, from which he considered that the function of 
the pancreatic juice was to emulsify the fat in the intestine, and thus 
aid absorption. 

Cl, Bernard” (to whom the credit is usually given of having made 
the discovery) still further investigated this action of pancreatic juice 
on fats, and he considered that they could not be absorbed by the 
lacteals without first being split up into fat acids and glycerine by a 
pancreatic ferment. 

Bidder and Schmidt* pointed out that the presence of acids pre- 
vented the pancreatic juice breaking up neutral fats, which results 
Grutzner‘ confirmed. 

Bunge’ considered that the fats are emulsified by the pancreatic 
juice splitting up some of the neutral fats into glycerine and fatty acids, 
and alkaline carbonate in the intestines then forming soaps with the fat 
acids set free. | 


1 Eberle. Quoted by Gamgee, Physiological Chemistry of the Animal Body, Vol. 1. 
p. 210, 1898, 

©. Bernard. Legons de Physiol. expérimentale, Vol. p, 178. 

Bidder and Schmidt. Die Verdawungssiifte, p. 250. 

* Griitzner. ‘‘ Notizen iiber einige ungeformte Fermente des Siugethierorganismus.” 
Pfliiger’s Archiv, x1, 302, 1876. 

* Bunge. Lehrbuch der physiologischen Chemie, 2nd ed. p. 175, 1889. 
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V. HARLEY. 


If fat containing some fat acids be shaken up with carbonate of soda 


in a test tube, a soapy solution is formed, in which the neutral fat is in 
a sort of fine emulsion; but’that this is not the method followed in the 
intestines was shown by Cash’, who, while working in C. Ludwig’s 
Laboratory, found that in dogs the intestinal contents are always acid 


and in no cases did the fat exist in the form of an emulsion. I have 


frequently confirmed the fact of the contents of the intestines being 
acid. I first noticed it in 1889, working in C, Ludwig’s Laboratory, 
and it was on my calling Prof. Ludwig’s attention to it that he referred 
me to the work of Cash. That the contents of a dog’s intestines should 
always be acid is a point of so much importance that I here give the 
results of a series of experiments made on different animals, and with 
varied diet. The contents of each part of the alimentary canal was first 
well mixed before testing. 


TaBLE 1. On reaction of the alimentary tract in dogs, cats and rabbits 
on various diets. 
Time Reaction 
| t 
Animal | Kind of diet |*fter last) — Small intestine 
Hours |: Large 
Stomach | Upper half | Lower half | intestine 
Dog | 4 days fast, 3 acid faintly | markedly | markedly 
and then milk} acid acid acid 
oe a 7 acid faintly acid acid 
| acid 
a eee 18 faint | faintly faint acid 
alkaline} acid acid 
‘a meat over 6 |. acid faintly acid 
a week acid 
10 acid acid acid id 
a biscuits 6 acid faintly acid markedly 
acid acid 
Cat meat 6 acid faintly | acid acid 
acid | 
Rabbit greens a acid faintly | markedly acid 
acid acid 
acid | markedly | markedly | acid 
acid acid 


1 Cash, “Ueber den Antheil des Magens und des Pankreas an der Verdauung des 
Fettes.” Du Bois Reymond’s Arch. 1880, p. 323: 
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ABSORPTION OF FAT. | 3 


In the preceding table it is seen that the contents of the intestines 
are acid not only on a flesh or milk, diet, but also on a farinaceous one 
of biscuits. In only one case in which the dog was killed eighteen 
hours after food was any part of the alimentary canal found alkaline, 


and in this case the stomach reacted faintly so to litmus paper. This 


exception no doubt was due to the dog having swallowed some saliva 
immediately before being killed. It is further seen that both in cats 
and rabbits, the reaction of the intestines is in all cases acid. 

Gamgee’ draws attention to the error of speaking of an alkaline 
intestine in the various text-books of physiology. The acid reaction of 
the intestinal contents is no doubt due to lactic acid which has been 
there formed, and neutralised the sodium carbonate present ; the excess 
of lactic acid present gives rise to the acid reaction. 

It is impossible even to mention in a paper like this the varied 
opinions on the cause and mechanism by means of which fat is rendered 
capable of passing through the mucous membrane of the intestines ; 
merely recapitulating the literature of the subject alone would take up 
too much space. In a few words we may say that it has generally been 
supposed that the first step in the process is the splitting up of some 
of the neutral fat into fat acids and glycerine by means of pancreatic 
juice. That the pancreas alone possesses this power was long ago 
shown to be an error, for in 1858 Marcet’® showed that this may occur 
even in the stomach. Cash* pointed out that a ferment could be 
extracted from the dead stomach which had this action, while Ogata‘ 


still further under C. Ludwig’s direction showed that the same thing 


occurred in the living stomach of a dog. From these experiments it is 
seen that the pancreas is not the sole organ which’ yields a secretion 


‘capable of splitting up neutral fat; consequently one must imagine 


that even if the pancreatic juice were absent, this so-called first stage 
in the emulsification of fat in the intestines would still take place. 

With these few remarks I shall proceed to describe the method of 
procedure employed in the experiments about to be narrated. 

Method of procedure : 

In all cases the dogs were kept fasting for two days, and the bowels 
daily washed out with an enema of hot water, and after, a small 
glycerine enema was given in order to help the expulsion of the water 
employed. In those cases in which the pancreas was to be extirpated 

™ Gamgee. loc. cit. p. 446. 


®* Marcet. Medical Times and Gazette, xvit. 210. 
> Cash. loc. cit. 4 Ogata. Du Bois Reymond’s Arch. 1881. 515. 
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this was done on the third day. The entire gland was removed under 
| an anzsthetic, and afterwards the animal kept perfectly quiet. On the 
He fourth and fifth mornings the bowels were again washed out as before 
| | in order to remove any feces which might be in the lower bowel so 
1 as to get a comparatively empty intestine. The washing out after the 
pancreas was removed had the further advantage of removing any 
t pancreatic secretion that might have accidentally remained in the 
i intestine. The normal dogs had the same washing out processes per- 
| formed on them up to the fifth day. Each animal was then given a 
measured quantity of warm milk, and after a certain number of hours 
they were killed by means of chloroform. 

The entire contents of the stomach, small and large cobeathoti were 
separately collected and analysed. A specimen of the milk given was — 
also analysed. 

The paper will be divided into two parts : | 

= Firstly. The Normal Absorption of Milk Fat. 
iG - Secondly. The Absorption of Milk Fat after Extirpation of the 
| Pancreas. 


The Normal Absorption of Milk Fat. 


It is as well to express the results of the experiments in a tabular 
form, as the citing of each separate experiment would render this paper 
unnecessarily bulky. 


| —TasLe 2. Showing the normal absorption of milk fat in dogs. The 
| quantity of fat as given in grams. 


Weight Fat ainin 

No. of of dog | Total 

Small | Large | "main- 

| 1 | 7824 | 3 | 9-872 | 5-488| 2-082 | 0:319 7-839 2-033 

| 2 7256 4 | 12505 | 9-321) 0°782 | 1:207 | 11°310 | 1-195 
| 3 7 | 10:799 | 4866) 0-923 | 0634 | 6-423 | 4-376 
r Fi 4 | 12°825 7 | 22°806 | 12970} 0-977 | 0-402 | 14:349 | 8-457 
5 6°858 7 9°471 | 3:503| 0°845 | 0-791 | 5-139 | 4-332 
6 | 10350 | 7 | 12-027 | 8-116] 0-623 | 0-740 | 9-479 | 2-548 
7 | 8503 | 18 | 15:148 | 0-000 0-970 1181 | 2-161 | 12-987 
i “In the above table it is seen in Exp. 1 and 2, the quantity of fat 


remaining in the stomach varies very considerably, for in Exp, 1, after 
three hours, out of 9°872 grams only 5°488 grams remained in the 
stomach, while in Exp. 2, 12°505 grams were given, and there remained 
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ABSORPTION OF FAT. 5 


9°321 grams. In the intestine the difference is even more marked. In 
Exp. 2, the large intestine probably yielded a larger amount of fat than 
it-ought to have done, as there was some dark fecal matter in the 


cecum which had not been removed by the enema, and this was 


analysed along with the fresh contents. The dogs that had digested 
during seven hours (Exp. 3, 4, 5, 6) showed also much variation in the 
quantity of food remaining in the stomach, while the quantities in the 
small and larger intestines resembled each other much more closely. 
In Exp. 7, the stomach was empty eighteen hours after feeding, while 
the quantity of fat in the small intestine corresponded with that found 
in the other experiments after seven hours. The quantity of fat in the 
large intestine is, however, larger than in any of the other experiments 
(except Exp. 2). This can be accounted for by the time that had 
elapsed since the taking of food havirg allowed it to pass down the 
alimentary canal and from thence to be absorbed, while that which was © 
remaining in the large intestines would represent faeces. In all proba- 
bility some of this would have been absorbed before the stool was 
discharged, as the lymphatics were found at the autopsy still well filled 
with chyle. 

In order better to compare the results obtained in the above table, 
the following shows the fat in proportion to the normal weight per kilo. - 


Taste 3. Normal absorption of milk fat per kilo of animal weight. 


Time 

kilos | | given Small o | tote | sorbed | | pe. 
ee 3 | 1:262 | 0-701 | 0-260 | 0-041 | 1:002 | 0-260 | 20°60 | 79°40 
2; 1 4 | 1-723 | 1:285 | 0:108 | 0°166 | | 0°164 | 9°52 | 90°48 
3/ 1 | 7 | 1:360 | 0-613 | 0-116 | 0-079 | 0°808 | 0-552 | 40-59 | 59-41 
ap3% 7 | 1778 | 1010 | 0-076 | 0°031 | 1:117 | 0°661 | 37°18 | 62°82 
5} 1 | 7 | 1:43 | 0-526 | 0-127 | O-119 | 0-772 | 0-651 | 45°75 | 54-25 
STA 7 | 1:162 | 0-784 | 0-060 | 0°071 | 0°915 | 0-245 | 21°08 | 78°92 
i153 18 | 1-782 | 0-000 | 0-114 | 0:140 | 0°254 | 1528 | 85°74 | 14:26 


Here it is noticed that although the quantity of milk given per 
kilo was very much the same in each case, the quantities of fat in the 
various parts in the alimentary tract differ very materially. For 
whereas in Exp, 1, the animal had passed nearly half of the fat from 
the stomach into the intestines, the dog in Exp. 2 during four hours 
passed very much less. The difference in the various dogs is clearly 
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marked in experiments 3, 4, 5, and 6, all of which were treated in an 
exactly similar manner. We find that the quantity of fat absorbed 
from the alimentary tract varies very remarkably. In Exp. 1, during 
three hours, 20°60 p.c. of the entire fat given was absorbed, while in 
Exp. 2, in four hours, only 9°52 p.c. disappeared from the alimentary 
tract. In this case the small quantity absorbed must, apparently, arise 
from some idiosyncrasy of the animal, such as is called in popular 
language, a slow digestion. For it is hardly possible that the excess in. 
the large intestine can be responsible for it. 

In Exp. 3, 4, 5, and 6 the percentage of fat absorbed varied from 
21°08 to 45°75 the total given, i.e. 40°59, 37°18, 45°75, 21°08. 

In Exp. 7, during eighteen hours, 85°74 p.c. of the total fat was 


absorbed. 


It is seen in the above table that the quantity of fat disappearing 


. from the stomach varies not only according to the time, but likewise to 


a certain extent, according to the individuality of the animal, even when 
the animals are kept as nearly as possible under similar conditions. 

Tappeiner, von Anrep, Ogata, Edkins and von Mering seem to 
show that the stomach plays a very small rdle in the absorption of any 
materials introduced into it, and Contejean' has recently shown that 
pieces of fat placed in the stomach of dogs with gastric fistule, hardly 
diminish in weight at all. 

It may therefore be taken for granted that all the milk fat which 
disappeared from the stomach had not been absorbed from it, but had 
passed through the pylorus into the intestine, and from thence had been 


absorbed. It is as well therefore to state in a tabular form the rate of 


passage of fat from the stomach. 
TaBLeE 4. On the rate of passage of fat from the stomach into 
the intestines. 

No, of Time Total fat Fat in Fat into | 
Hours Total p.¢. Total p.c, 
1 3 9-872 5488 55:59 4°384 44-4] 
2 4 12-505 9-321 74:54 3°184 25°46. 
3. 7 |: 10°799 4°866 45-06 5-933 54-94 
4 7 22°806 12-970 56°87 9-836 43°13 
5. 7 9-471 3°503 36°99 5-968 63-01 
6 7 12-027 8116 | 67°48 3°911 32°52 
7 18 15-148 0-000 0:000 | 15-148 100-00 


1 Contejean. ‘Sur la digestion gastrique de la graisse.”. Arch. de Physiol. v1. 125. 
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We see in the above experiments that the rate of passage of fat 
from the stomach is extremely different. In Exp. 1 only 55°59 p.c. of 
the total fat remains in the stomach after three hours’ digestion, while 
in Exp. 2, 7454 p.c. remains. In Exp. 3, 4,5, and 8 the quantity of 
food remaining in the stomach varies from 36°99 to 67°48 p.c., being 
respectively 45°06, 56°87, 36°99, 67°48. Only in Exp. 7 did the entire 
quantity of fat given leave the stomach. These differences can only be 
explained, by supposing them due either to variations in the peristaltic 
motor power of the stomach, or to the action of the sphincter muscle in 
the pyloric opening varying in the different animals. i 

As from the foregoing, it seems that no fat is absorbed by the coats 
of the stomach, but only by the intestinal canal, the following shows 
how much of the fat that is actually passed out of the stomach through 
the pylorus into the bowels, has been absorbed. 


Taste 5. On the rate of absorption of fat from the small and 


large intestines. 
Time dur- 
tity of |. , remaining i 
Exp. pylorus Small intestine | Large intestine 
Foor Total p. ¢. Total | p.c. Total p. 
3 4°384 3 2032 | 46°35 | 0°139 | 7:28 | 2°033 | 46°37 
2 3°184 4 0°782 | 24°56 | 1:207 | 37°91 1:195 | 37°53 
3 5°933 7 0923 | 15°56 | 0°634 | 10°69 | 4°376 | 73°76 
4 9°836 7 0-977 | 9-93 | 0402 | 4:09 | 8-457 | 85:98 
5 5-968 7 0-845 | 14:16 | O0°791 | 13°25 | 4:332 | 72:59 
6 3°811 7 0-623 | 15:93 | 0°740 | 18°93 | 2°548 | 65°16 
7 15°148 18 | 6°40 1:191 7°86 | 12987 | 85°74 


We see in Exp. 1 and 2, which lasted respectively three and four 
_ hours, the percentage of fat absorbed by the small and large intestines 
was 46°37 and 37°53, not nearly so great a difference as we previously 
showed when regarding.the fat in the entire alimentary canal. In Exp. 
3, 4, 5, and 6, all of which lasted seven hours, the percentage of fat 
absorbed varied from 65°16 to 85°98, being respectively 73°76, 85°98, 
72°59, 65°16. While in Exp. 7, lasting eighteen hours, 85°74 p.c. of the 
fat was absorbed, resembling very closely that which had been found in 
Exp. 4. | 

From these results it may be concluded that the rate of fat 
absorption from the intestines in dogs varies with the time allowed for 
digestion, and it does not vary so much in individual dogs, as the rate 
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of the passage of fat from the stomach into the intestines does. Further, 
that the maximum rate of absorption of fat occurs about seven hours 
after the taking of food, and this is not exceeded when it is allowed to 


digest longer, although the supply be kept up by the passage of fresh 


fat from the stomach until it is completely emptied. | 
In all the above cases the absorption of fat may be somewhat less 
than the normal, as we know, that prolonged fasting diminishes the 
power of forming the various normal digestive secretions. For this 
very reason the results here recorded are all the more valuable for 
comparison with those now to be described on the absorption of fat 
after the removal of the pancreas. | 


The Absorption of Milk Fat after the Total Retirpation wf the 


Pancreas. 


~- Having in the preceding part shown the results of the aaa of 
milk fat in dogs in which the pancreas has not been extirpated, before 
we do the same thing with those in which the gland has been removed, 
it will be as well to give a short account of what has up to the present 
been found out, regarding the absorption of fat in cases where the 
pancreatic juice is prevented from reaching the intestines. 

S. Collin’ stated that contrary to the view of Cl. Bernard the 
absorption of fat remained undisturbed when the pancreatic juice was — 
allowed to escape from a fistula. It had been clinically observed by 
Bright’ as early as the year 1832, that in cases of disease of the 
pancreas the fat was very incompletely absorbed, and appeared in large 
quantities in the stools. 

Cash* cut the chief duct of the pancreas, and by means of injecting 
Berlin blue was able to find the second smaller duct, which was also cut 
and ligatured. Four days later when the dog had recovered from the 
operation, he fed it on neutral fat. The lymphatics were found at the 
autopsy to be filled with lymph, so that these dogs had evidently been 
capable of absorbing fat. 

In 1889 von Mering and Minkowski‘ in their now classic work, in 
which they showed that the total extirpation of the pancreas invariably 


1§, Collin. ‘De la digestion et de l’absorption des matiéres grasses etc.” Bulletin 
de Vacadémie de Méd. 1856. 

2 Bright. Med. Chirurg. Trans. 1832. 

8 Cash. loc. cit. 

* von Mering and Minkowski. Arch. f. exp. Path. u. Pharm. xxv. 871, 1889, and 
other papers. 
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rendered dogs diabetic, noticed that these animals passed always large 
quantities of fat in their feces. 

M. Abelmann! showed that after complete removal of the pancreas, 
fat in the form of olive oil, butter, etc. appeared again entirely in the 
stools, while fat in the form of milk given by mouth was absorbed on 
an average about 49°8 p.c. In the cases he quotes the difference varies 
within wide limits, some only absorbing 28 p.c., others 53 p.c. 
Minkowski’, in a paper in which he discusses the subject, comes to 
the conclusion that Abelmann’s experiments clearly support C. Ber- 
nard’s view that the pancreatic juice is absolutely necessary for the 
absorption of fat (i.e. butter, olive oil, etc.) from the intestines, and = 
no other digestive secretion can take its place. | 
That the action of the pancreatic juice cannot be put down to the 
want of splitting up of neutral fat, has been already pointed ont. 
Abelmann showed that the ether extract of his dogs’ feces contained 
80 p.c. as free fat acids, and only a small portion as soaps. Hédon and 
Ville* showed that when bile was prevented from entering the intestine 
the feces contained 41 p.c. of soap, 57 p.c. fat acid and 2 p.c. neutral fat. 
If then the greater part of the pancreas was removed, the tail being 
left to prevent the glycosuria, they then contained 45 p.c. as fat acid, 
55 p.c. neutral fat, but no soap, milk being used as the diet. . 

These conflicting results led me to the investigation which I am 
now about to describe, for it is difficult to see if fat can be split up 
without the pancreatic juice, why it should not also be absorbed. 

In some experiments I performed in Turin on the absorption of fat 
after total extirpation of the pancreas, I obtained results which showed 
an absorption of fat varying from 10 p.c. to 40 p.c. of the fat given, 
when the method of feeding and analysing the feces was employed. It 
is to be remembered that a dog after the total extirpation of the 
pancreas suffers from so severe form of diabetes, that it not only rapidly 
loses strength and weight, but that its entire metabolism must be very 
markedly disturbed. Again, in these dogs the feces always have a 
most offensive odour, and as bacteria are known to be able to split up 
neutral fat, the various quantities of these present in the alimentary 
canal might be the cause of the differences found. 

I therefore in the experiments about to be described adopted the 
method already mentioned of keeping the dog fasting four days, and 

1M. Abelmann. Inaug. Dissert. Dorpat, 1890. 


2? Minkowski. ‘Zur Lehre von der Fettesabsorption,” Berl. klin. Woch. 1890, p. 333. 
* Hédon and Ville. Comp. Ren. Soc. Biol. 1892, p. 308, 
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then, after feeding with the milk food, killing at a certain number of 
hours. In studying the absorption of milk fat after the removal of the 


pancreas, it will be as well to tabulate them in the same manner as was 
done in the normal dogs already described. 


the pancreas. 
N Total Fat in | 
Ex mach|, | Large | fi 
en oun 
Hours Sto lintestine| intestine 
*] 9°637 4 | 20°037 | 9:°947 | 9-773 | 0°409 | 20-129 | + 0-092 
2 6-188 4 | 7°406 | | 0°444 | 9°306 | + 1°704 
*3 4°365 5 6-638 | 4:397 | 2:497 | 0°603 7497 | + 0°859 
*4 6 13°652 | 8-029 | | 1°865 | 13°975 | + 0°323 
5 6°975 6 8-496 | 7°624 | 0°822 | 0-251 | + 0-201 
6 5-400 7 7191 | 6-554 | 1:077 | 0°644 | 2-275 | + 1°084 
7 6°750 7 | 12027 | 9:358 | 0-464 | 1-672 | 11-494 | — 0-533 


In those marked thus * the pylorus was not tied until after removal from the body. 


As is seen in the above table the results obtained were very remark- 
able. For not only is the total amount of fat given again found in the 
alimentary tract, but even in all but one case an excess over what was 


given (Exp. 7) and that was when the animal had diarrhea, although 


as much as possible of the faces were collected from the floor, some 
were probably lost which would account for the loss here found. 

The quantity of fat in the small intestine of Exp. 1, 3, and 4 is possibly 
too large, for a part of the fat may have really belonged to the stomach, 
as the stomach and intestines were removed from the animal before the 
pylorus was ligatured. 

On examining the table in detail it is found that the quantity of fat 
in the stomach is very much higher than in the normal dogs, S 

The quantity of fat in the smail intestines is also greater than 


in the normal animals, when the three cases just commented upon are 


excepted. 
In the same manner as was previously done, in the following table 
the amount of milk fat is expressed per kilo of animal weight. 
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TaBLe 7. Amount of milk fat calculated per kilo of animal 


weight. 
Time of 
No. of | diges- | Fat Fat found in Total | Remarks. 
Exp. tion. | given | | Small Large tia | +e 
Hours Stomach | intestine | intestine 
nd | 1°032 1-014 0:042 | +0°010 
2 1-229 | 1°197 0-235 0-072 1504 | + 
*3 1°521 1-007 0°572 0°138 1718 | + 0-197 


1218 | 1:093 0-118 0036 1247 | +0029 
1:332 | 1:214 0°119 0°199 1532 | + 0°200 


4 
4 
5 
*4 6 1:650 | 0-970 0-493 0-225 1689 | + 0-039 
7 1-782 | 1°386 0-069 0-248 | 1-703 | 


_ In comparing this table with the corresponding one on normal dogs, 
it is seen the quantity of fat given per kilo is very similar, and the 
quantity of fat in the stomach is very much larger than that found in 
the normal dogs. 

In table 3, it is seen that in the small intestines after 3 pea 4 hours’ 
digestion only 0260 and 1°108 grams are present while in the pancreatic 
dogs’ table 7, there is 1:014, 0°235 and 0°572 grams, in Exp. 1, 2, and 
3. 

_ On the other hand this average is still higher in the case of dogs 
which have had longer to digest—in table 3, the 4 dogs which digested 
7 hours had an average of 0095 grams in their small intestines (0°116, 
0:075, 0°127, 0°060) while in table 7, the two dogs which digested 6 and 
7 hours had an average of 0°158 (0118, 0°199), as Exp. 4 must be 
omitted for the reason already given, and Exp. 7 as the dog had 
diarrhoea. | 

The same does not hold good as regards the larger intestine; in the 
normal the average is 0°113 grams during 3 and 4 hours (0°041, 0°166) 
while in Exp. 1,2, and 3 the average is 0°084 grams (0042, 0°072, 0°138). 
In the normal dogs during 7 hours the average is 0°903 grams (0°808, 
1117, 0°772, 0°915) while the pancreatic are 0°157 prams (0'225, 
0°036, 0'119, 0248). 

As it is seen from the above table that the fat apparently passes 
very slowly from the stomach into the intestines in dogs after removal 
of the pancreas, it may be well to present this in a tabular form as has 
been one in the case of normal dogs. 
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TaBLe 8. The rate of passage of fat from the stomach into the 
| intestine after extirpation of the pancreas. 


No. of | time. Total fat Fat in into 
xp. given tomach testines 
Total p. ¢. Total p.c. 
2 4 | 7602 | 7-406 97°49 0196 2°58 
5 6 8-496 | 7-624 89-74 0872 | 10-26 
6 7 7-191 | 6-554 91:14 | 0-637 8-86 
7 7 12097 | 9-358 77-81 2669 | 22-19 


From the above table Exp. 1, 3, and 4 have been omitted for the 
reasons above alluded to. 

The results are here found to be no less remarkable than they were 
in the case of absorption of fat just described. In the normal dog in 
four hours even in the case when there appeared to be a diminished 
motility, the stomach had passed on into the intestines no less than 
25°45 p.c. of the fat given, while in the above Exp. 2, only 2°58 p.c. had 
traversed the pylorus. 

In seven hours in normal dogs from 32 to 63 p.c. of the fat had 
left the stomach, while in Exp. 6 and 7 in the above table only 8:86 
and 22°19 p.c. had passed into the intestine. In Exp. 7 the larger 
quantity which had left the stomach was probably due to a hurrying of 
the passage of fat along the alimentary canal, owing to the diarrhoea. 

It can be therefore concluded that after extirpation of the pancreas 
there is a marked delay in the expulsion of fat from the stomach. This 
no doubt is due to the diminished peristalsis, the result of the general 
weakness occurring on aecount of the diabetes. 

It is as well to state that in all the dogs in which the pancreas had 
been removed, there was more or less glycosuria in spite of their being 
kept without food. The quantity of sugar passed varied in the different 
dogs from 1 to 7 p.c. Polyuria was in some cases present, but never to 
any very marked extent. In most of the urines examined acetone was 
found, and in some of the cases aceto-acetic acid. 

They all suffered from a marked loss of flesh, especially so when 
compared with the normal dogs, for in only one case did a normal dog 
lose one kilo of its weight during the four days, while those in which 
the pancreas had been removed lost, during the same period of time, 
from 14 to 34 kilos. 

The next question is, how can be explained this i increase in the total 
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quantity of fat found in the intestines after the removal of the pancreas ? 
These results seemed to be cleared up by the researches of Hermann’, 
Ehrenthal?, Berenstein’, and Fr. Voit‘. These observers isolated a 
loop of intestine, either by sewing the two ends together so as to form 
a ring, or by stitching up the two ends. The intestine was then joined 
below the isolated part and the dogs allowed to live. The isolated 
part in about three weeks became filled with a semi-solid material. 
Hermann considered this material to arise from the intestinal. secre- 
tion, which in the interval had, by the absorption of its fluid parts, 
become converted into a pappy consistency. Ehrenthal regarded it 
as principally broken down epithelium derived from the intestinal 
mucous membrane, on account of his finding in the.inner surface a 
white gluey like substance, which microscopically appeared to consist of 
more or less degenerated epithelial cells. In Hermann’s dogs, which 
lived somewhat longer, no outer zone was found and the mass itself 
contained very few epithelial cells. Berenstein, who disinfected the 
intestinal loop so that micro-organisms should not be the cause of | 
desquamation, found the mass was not merely composed of epithelial 
cells, but principally concentrated intestinal secretion. Fr. Voit showed 
that the mass besides containing nitrogen and salts when dried, in some 
cases contained as much as 36 p.c. of fat. I have found that the same 
mass accumulates in the large intestine when it is treated in a similar 
manner. 

It would appear from the foregoing that-the surplus fat found in 
those dogs in which the pancreas has been removed, is due to this 
intestinal secretion or excretion. Whether or no any of the fat was 

absorbed from the intestines of my dogs, I am not prepared to say. 
_ For at the autopsy although the intestinal lymphatics were not filled 
with chyle as in normal dogs, they always appeared more distinct than 
one usually sees in a fasting dog. This was more saciearte the case in 
the lymphatics of the large intestine. 

The fact that Abelmann found that some absorption of milk fat 
occurred in his dogs may be accounted for by the bacteria of the 
intestine having aided in the absorption. In my cases the repeated 
washing out of the lower bowel with warm water coupled with the 
animals having fasted, might have reduced the micro-organisms to a 
very small quantity. 


1L, Hermann. Pfliiger’s Arch. xuv1. 93. 1890. 

2 W. Ehrenthal. Pfliiger’s Arch. 74. 1891. 
$M. Berenstein. Pfliiger’s Arch. ui. 52. 1892. 

4 Fr. Voit. Zeit. f. Biol. xx1x. 325. 1892. 
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It would appear that the presence of large quantities of fat in the 
stools would point very strongly to an absence of pancreatic secretion 
reaching the alimentary tract. 


Conclusions :—1, Normally a dog absorbs eee 9 to 21 p.c. of the 
total fat given in 3 to 4 hours; from 21 to 46 p.c. in 7 hours and 86 p.c. 
in 18 hours, 

2. Ina normal dog the passage of fat from the stomach varies with 
the individual as well as with the time allowed for digestion. In 3 to 
4 hours 25 to 44 p.c. of the fat given has left it; in 7 hours 33 to 63 p.c. ; 
while in 18 hours the total has entered the intestines. 

3. In normal dogs, of the fat that has actually entered the in- 
testines and therefore is under favourable circumstances for absorption 
37 to 76 p.c. is absorbed in 3 to 4 hours, 65 to 86 p.c. in 7 hours, while 
86 p.c. is absorbed in 18 hours. 

4. In dogs which have had their pancreas removed the quantity of 
fat given is not only again recovered but a surplus is found, which is 
probably derived from the intestinal secretion or excretion. 

5. The power of passage of fat from the stomach is very much 
delayed by the extirpation of the pancreas. Such dogs only passing in 
4 to 6 hours from 3 to 10 p.c. of the fat given into the intestines, while 
in 7 hours only 9 to 22 p.c. has traversed the pylorus. 
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THE INFLUENCE OF THE FORCE OF GRAVITY ON 
THE CIRCULATION OF THE BLOOD*. By LEONARD 
HILL, M.B., Assist. Prof. of Physiology, University College, 
London. Grocers’ Research Scholar. (Twenty-five Figures in Text.) 


Introduction. ‘The inflygnce of the force of gravity on the circu- 
lation is a question of very obvious importance, yet it is one curiously 
neglected by physiologists. The physician and the surgeon daily 
observe the effect of the position of the body upon the rate of the pulse, 
the sounds of the heart, diseases of the heart and lungs, hypostatic 
pheumonia, syncope, varicocele, erectile tumours, piles, varicose veins. 
_ The conditions of shock, anemia, hemorrhage, chloroform poisoning, 
are also seen to be largely affected by the position of the body. But on 
turning to the text-books of physiology nothing is to be found within 
their pages upon so important a theme, and on seeking still further into 
physiological journals and archives few and imperfect are the researches 
there chronicled. 

History. One of the earliest observers in this subject was Piorry’, 
the distinguished French physician. He insisted on separating cerebral 
syncope from cardiac syncope. “In cerebral syncope,’ he writes, “the 
heart continues to beat, but the beats have not force enough to over- 
come the resistance which is given by gravity.” Therefore the activity 
of the brain is suspended. If the force of gravity is made to aid the 
heart in propelling blood to the brain the syncope will cease. Piorry 
observed several cases bearing on this point. In one instance he was 
suddenly called to a patient who had lost consciousness. The respira- 
tion was rare and stertorous, sensibility was abolished, the pulse very 
feeble, the heart very weak and irregular, and the face pale. The 
patient had been supported by his friends in the sitting posture for 
fifteen minutes. Piorry refused to bleed the patient and laid him 
down horizontally. Immediately his eyes opened, respiration was 


* This paper was communicated to the Royal Society, Nov. 19, 1894, and an abstract 
is printed in the Proc. R. 8. vol. 57. . 


2 
“a 
> 
4 
3 
™ 
wy 
Ay 


16 L. HILL, 


accelerated, the colour came back to the face and in three minutes 
all the unfavourable symptoms had disappeared. 

One such case arose from hemorrhage, another from the emotional 
effect produced by a slight operation. Piorry was summoned to 
another patient who had been trampled upon in the belly by a horse. 
He was found supported by his friends in the sitting posture and 
almost dead. Piorry immediately placed him horizontally, and the 
patient at once recovered. After Piorry’s departure the patient 
insisted on taking his seat again in his carriage. On doing so he © 
immediately became unconscious and died. 

_ Piorry further investigated the problem by experimenting on dogs. 
He placed them in the vertical feet-down position, and bled them from 
the jugular vein till syncope was induced, By placing them in the 
vertical feet-up position the animals were at once restored to conscious- 
ness, And every time that he repeated this experiment of alternating 
the positions he obtained the same result. “It is in consequence of 
gravity,” writes Piorry, “that when the arms are held down, the veins 
swell and the capillaries are filled, and that the reverse occurs when the 
arms are held up, that varicoceles enlarge on standing up, and diminish 
in the horizontal position, and that fhe head and face redden when held 
down. It is in consequence of gravity that pneumonia invades the 
posterior border of the lung when the patient lies on his back, and for 
the same reason, if the patient for a length of time be laid upon his 
face the pneumonia appears in the anterior border of the lung.” 

Piorry concludes that the force of gravity has a very marked effect 
on the circulation and that this is especially observable in patients who 
are weakened by any cause. He affirms also that the effect of altering 
the position of a patient will determine the diagnosis between apoplexy 
and syncope. 

Marshall Hall?, in a research on the effects of loss of blood, found 
that after recovery from a severe hemorrhage the syncopal condition 
could be at once reinduced in dogs by placing them in the vertical 
feet-down position, then “the countenance and eye languish, the head 
drops, the mouth opens, the respiration is panting, and the heart is 
scarcely to be heard.” Immediate relief was given by reversing the 
position. 

Basedow® found in a patient who had been bled for apoplexy that 
syncope was produced by the vertical feet-down position and abolished 
by the horizontal position. He pointed out that the influence of 
position on varicoceles, erectile tumours, cedemata, hypostatic pneu-— 
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monia, indicate the effect of gravity, as do also the tendency to sleep 
and the slower and deeper respiration existent in the horizontal 
position, with the increase of pain in carious teeth, swelling of the nasal 
mucous membrane, increase of coughing in tubercular patients. 

On trephining rabbits and placing them in the vertical feet-up 
position Regnard‘ found that at the end of five minutes the animals 
were still perfectly well, but on placing them in the vertical feet-down 
posture, after the space of two minutes, loss of sensibility was induced, 
the respiration became short and irregular, and all the signs of syncope 
were manifest. 

Salathé® investigated the effect of gravity on rabbits. He found 
that in the vertical feet-down position the animals died in the course 
of fifteen minutes to two hours, 

Progressive failure of the respiration and heart set in, followed by 
convulsions and finally by syncope. All these symptoms were abolished 
by placing the animals in the vertical feet-up position, and this position 
Salathé found could be maintained for a long time without any ill 
effect. Centrifugal force acted in precisely the same way. 

Salathé* also investigated the effect of position on the cerebral 
volume. On applying a tambour to an infant six weeks old, he saw 
that on placing the child in the vertical feet-down position there was 
a fall of pressure, but on turning the child to the feet-up position a rise 
of pressure followed. In dogs he found acceleration of respiration and 
increase of cerebral volume occurred when in the feet-up position, but 
on the other hand, slowing of respiration and fall of cerebral volume 
followed on placing the dogs with the feet down. 

In a patient from whom a large portion of the skull had been 
removed Brissaud and Francois Franck’ noticed the aspirating 
effect of the ‘feet-down position’ on the volume of the brain. Franck 
believed in a compensatory aspiration of cerebro-spinal fluid into the 
subdural space because he observed the effect of gravity to be less upon 
the volume of the brain than upon the volume of the arm. 

Schapiro® examined fifty soldiers and found that the pulse was 
more frequent in the standing position than in the horizontal. The 
average rate of increase was 14 beats. By compression of both femoral 
arteries the pulse rate became slower by an average of five beats, and 
the soldiers, who when standing, gave the greatest increase, on the 
compression of the femorals, showed the slowest pulse. By investiga- 
tion with a sphygmomanometer Schapiro ascertained the difference of 
blood pressure to be 10—15 mm. Hg. in passing from the horizontal to 
the standing position. 

PH. XVIII. 2 


4 
“g 
wa 
x 
+ 
py 
> 
4 
a 
48 
nt 


18 L. HILL. 


Zybulski*® determined that the blood pressure fell in dogs in the 
feet-down position and rose in the feet-up position. He placed the 
cannula in the axis round which the dogs were turned. 

Friedmann” also recorded that the blood pressure fell in dogs 
experimented upon with the feet down. | 

In 1885 Hermann" placed the subject in the hands of two pupils, 
Blumberg and Wagner, with the object of investigating the dynamic 
and hydrostatic effects of gravity on the circulation. To do this he set 
them to find the ‘indifferent point’ of the circulatory system in order 
that the Hydrostatic effect might be eliminated and the Dynamic effect 
alone studied. 

Hermann states his position thus: If one thinks of an aneroid 
manometer placed on any given spot in any given artery, and the 
position of the animal is changed, the observed changes of pressure will 
depend on 

(a) the altered relationship of level between the given spot and 
the rest of the vascular system (hydrostatic moment), 

(b) the altered relation between pressure and resistance produced 
indirectly by the change of position on the heart-beat, the filling of the 
heart, the vaso-motor nerves, etc. (dynamic moment). 

Only the dynamic moment is of physiological interest, the hydro- 


static moment will also be in evidence in the corpse so long as the 


blood is fluid. 

If, on the other hand, the manometer is a hydrostatic one a third 
influence will come in, that is—if the manometer does not follow the 
alterations of position of the artery, but stands in a fixed position, as is 
usually the case, an influence namely of the absolute change of level of 
the given spot on the artery in relation to the manometer. This 
influence can only be eliminated by turning the animal round an axis 
which passes through the given spot on the artery. 

In this last .case however the influence a and 6b will still exist. 
Since the real object of research is b, and the manometer in kymo- 
graphic researches is a fixed hydrostatic one the right course is to 
compensate a with c, that is, to turn an animal round an axis passing 
through the hydrostatic indifferent point of its vascular system. That 
is the point in which the hydrostatic pressure a does not alter when 
the vascular system is turned round the same. If the zero point of the 
manometer is placed at this level, the pressure at the given spot will be 
just so much heightened or lowered when the animal is turned round 
the axis, as the artery in comparison with the manometer sinks or rises, 
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In order to find this indifferent point Wagner washed out the 
blood of the animal with salt solution, filled up the vascular system 
with salt solution, placed-the animal upon a board which turned on a 
horizontal axis, and then by altering the position of the body found the 
point through which the axis must pass in order to compensate a with c. 

Having found this point in the dead animal Wagner applied it to 
the living animal, and henceforward assuming that he had entirely 
eliminated the hydrostatic moment carried out a series of experiments 
and drew his conclusions as to the dynamic effects. 

This method of procedure, which is of course perfectly accurate 
when tested on a simple closed rubber schema, cannot be — to the 
dead or living animal. 

In investigating the subject I have found that on attempting to 
fill-the circulatory system of the dead animal with salt solution, the 
arterial side of the system does not remain filled, for the salt solution 
rapidly leaks into the splanchnic venous area. By alternately placing 
the animal with feet down or with feet up a pumping action is produced 
which gradually forces the salt solution out of the arterial system into 
the venous side, where it remains. The indifferent point cannot there- 
fore be found on the dead body. Farther, if it were possible to find 
the indifferent point on the dead body the indifferent point on the 
living body could not be deduced therefrom, because such indifferent 
point depends on the coefficient of elasticity which must constantly 
alter in the living animal with every alteration of the arterioles by 
vaso-constriction -or dilatation. 

As regards the dynamic effect of gravity on the circulation, therefore, 
the work of Blumberg and Wagner cannot be accepted, and to my 
knowledge, ag far as previous physiologists had recorded, the mere fact 
that the feet-down posture lowered arterial pressure and that the feet- 
up posture heightened it, was almost all that had been determined. 

Method of Research. My attention was first drawn to the 
influence of gravity upon the circulation by observations which I made 
upon the normal intra-cranial tension in a patient of Dr Claye-Shaw. 
This patient had been trephined, and Dr Shaw asked me if I could 
estimate his normal intra-cranial pressure. I did so by an adaptation 
of the method for investigating intra-cranial pressure described by me 
in the Proceedings of the Royal Society, Vol. 55. 

The trephine hole was protected by the scalp. To a cast of the 
patient’s skull I had moulded a glass apparatus which as shown in the 
figure consisted of 
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(a) an outside cupping glass which could be aspirated by a 
mercury pump through the tube ec, 
(b) an inside chamber which fitted to the edge of the trephine hole. 
From this inner chamber passed two tubes : 
i. a tube (d) leading to a pressure bottle (¢) and to a manometer (/), 
ii. a tube (g) closed by a clip. i 


The skull previously shaved was well vaselined, the apparatus 
applied and the outside chamber aspirated. An air-tight joint between 
the inner and outer chambers was thus obtained around the trephine 
hole. The inner chamber was then filled with water from the pressure 
bottle by opening the clip on the tube g. The clip was next closed and 
the pressure bottle lowered till the water was on a level with the 


_ trephine hole. The tube d was then clipped for a moment and an air- 


bubble introduced at the point A. The clip being opened any alteration 


of pressure could be observed by the position of the air-bubble, and — 
measured by altering the pressure bottle and bringing the air-bubble 


back to its initial position at zero pressure. I found that the pressure 
was negative while the man sat upright, but that it became positive as 


A 
“ta 
4 
& 
| 
a 
4 \ 
\ 
7. 
Ag 
a 
4 
d Q 
f 
| 
1% 
4 
+. 
F 
> 
‘ag 
Ay 
4 
% 
| 
as 
43 
418 
i 
ig 
34 x 


EFFECT OF GRAVITY ON CIRCULATION. 91 


soon as the head was bent down towards the knees or on any expiratory 
effort. The air-bubble exhibited large cardiac and respiratory undula- 
tions. Experimenting on dogs I found that exactly the same thing ~ 
occurred. The normal cerebral pressure became markedly negative in 
the feet-down posture and positive in the feet-up posture. 

We have seen that Salathé and Brissand and Franck obtained 
the same result upon man. 

For the further investigation of the subject I constructed an animal 
holder which could be swung round a horizontal axis. In this axis the 
cannula connected with the vessel under observation was always placed, 
and the cannula was itself connected with a fixed hydrostatic manometer. 

‘The hydrostatic and dynamic moments,’ to use Hermann’s 
expression, were investigated and separated, not by attempting to find 
the indifferent point, but by carefully observing the etfects of dividing 
and stimulating the vagus, splanchnic nerves and spinal cord, and by 
watching the influence of anesthetics, curare, and asphyxia. 

The research has been carried out upon rabbits, cats, dogs and 
monkeys, and the same general results have been obtained from all. 
The animals were placed upon a board with the limbs fully extended 
and in the same direction as the longitudinal axis of the body. 

The experiments group themselves under the following headings :— 

Anesthetics were used in all cases, and unless otherwise mentioned 
in the account of the experiments morphia was employed. 


A. Effects on the Circulation. 


i. Normal effect on arterial pressure, 
(a) With carotid artery in axis, 
(b) » 
(c) » Splenic ,, 
ii. Normal effect on venous pressure, 
(a) With splenic vein in axis, 
(b) » femoral _,, 
(c) »  torcula Herophili in axis. 
li. Effect of anesthetics. | 
iv. Effect of dividing the vagi. 
v. Effect of dividing the spinal cord, 
(a) Influence on Heart. 
vi. Effect of dividing the splanchnics. 
vii. Influence of respiration and asphyxia. 
liil,. Influence of curare. 
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B. Effects on Respiration. 
i. Normal effect. 
li. Effect of dividing the vagi. 
The general results arrived at and which are worked out in the 
following tracings and notes, are that pressure falls in the carotid artery 
under the influence of gravity in the feet-down posture, and rises in the 


_ feet-up posture, that compensation takes place more or less in normal 


animals (that is to say, the hydrostatic moment is compensated for by a 
dynamic moment), that this compensation takes place by vaso-constric- 
tion in the splanchnic area in the feet-down position—with in some 
cases cardiac acceleration—and by cardiac inhibition and by vaso- 
dilatation in the feet-up position, that in conditions of shock from | 
severe operative procedures of deep anesthesia or curarisation with the 
spinal cord divided or with splanchnics cut—in any of these conditions 
the compensation is abolished in the feet-down position, and under the 


influence of gravity the pressure falls enormously through the blood 


passing into the veins of the splanchnic area. Finally the pressure in 
this condition can be restored immediately to the normal by firmly 
bandaging the abdomen, or by reversing the position of the animal. 


I. Norma EFrrect.* 


Tracing 1. Fox-terrier. Carotid in axis. 


A. Vertical, feet down. C. Vertical, feet up. 
B. Horizontal. D. Horizontal. 


On placing the animal in the vertical feet-down position the pressure 
is seen to fall rapidly, and to remain permanently lowered. On restoring 
the animal to the horizontal position the pressure rises with equal 
rapidity to almost the original normal level. This rapid rise of pressure 
occasions a slight and compensatory fall followed by the absolutely 
normal condition. | 

On the vertical feet-up position being taken, momentary cardiac 
inhibition occurs with a fall in pressure, then a permanent rise of 
pressure follows, and on returning the animal to the horizontal position 


there is first a fall of pressure, then a slight compensatory rise and lastly _ 


the normal pressure is again restored. The _aiusreas effect is seen to be 
produced by the feet-down posture, 


* Most of the tracings are reduced by one-third. 
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On rapidly alternating the positions, I have found that the blood 
pressure rises and falls with each change of movement. 


1 


Tracing 2. From the same Fox-terrier as Tracing 1. Femoral 
in axis. 
A. Vertical, feet down. C. Vertical, feet up. 
B. Horizontal. D. Horizontal. 


The effects are now shown to be exactly the reverse of those shown 
in the carotid trace. These two tracings therefore show the simple 
hydrostatic effects which I have found to be the same in all the animals 
examined, although they are more or less masked in different individuals 
owing to compensatory changes or dynamic effects. 
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Tracing 3. Fox-terrier. The upper line shows the carotid trace. _ 

The lower line is a record of the intra-cranial pressure taken by the 
apparatus described by me, Pr. Roy. Soc. Vol. 55. The axis passed close 
to the trephine hole in which this apparatus was screwed, so that a 
correction is necessary 
for the changes of blood- 
pressure, since the caro- 
tid cannula was not in 
the axis. The necessary 
corrections for the abso- 
lute change of level of 
the cannula in relation 
to the manometer are 
made by deducting 7 
mm. from the trace ‘at 
A, 1mm. from the trace 
at C. 


A. Vertical, feet up. 
B. Horizontal. 

C. Vertical, feet down. 
D. Horizontal. 


With these correc- 
tions made it will be 
seen that the hydro- 
static effects were al- 
most completely com- 
pensated for in the 
arterial system by the 
dynamic effects. Car- 
diac inhibition is found 
in the feet-up position, 
acceleration in the feet- 
_ down position. _ 

The —intra-cranial 
pressure rises about 
16 mm. Hg in the feet- 
up position and falls 
about 16 mm. Hg in 
the feet-down position. 
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This rise and fall follows the cerebral venous pressures. This can be 
demonstrated by taking the venous pressure in the torcula Herophili 


the method described by me in the Soe. 55. (Compare 
Tracing 7.) 


Tracing 4. Monkey (Macacus Sinicus). Vagi divided. 
A. Vertical, feetdown. C. Vertical, feet up- 
B, Horizontal. | D. Horizontal. 


This tracing shows that over compen- 
sation can take place in a monkey under 
morphia narcosis. The tracing was of exactly 
the same character before the vagi were 
divided. 

On placing the animal with the feet down 
the pressure rises, and on .changing to the 
horizontal position the over compensation 
is still more plainly to be seen. At that 
moment while the vessels of the animal are 
still in a state of compensatory constriction, 
the rise of pressure due to the hydrostatic 
moment takes place and there is therefore 
a large rise. As the constriction passes off 
the normal level is again reached. In the 
feet-up position an over-compensatory dila- 
tation is recorded. . The hydrostatic moment 
of gravity is in the same direction in all” 
the animals—rabbits, cats, dogs, monkeys. 
It is the dynamic moment that differs. The 
compensation with individual differences is 
incomplete in nearly all rabbits, cats and 
dogs, but in monkeys it is far more complete. 
There is, however, a striking difference in 
individual monkeys. The bonnet monkey of 
the present tracing over-compensated, while 
neither a Macacus Rhesus nor a Cercopithi- 
cus Callitrichus monkey compensated fully 
for either position. The question of com- 
pensation, as will be seen later, is affected 
by the anesthetic, but these individual 
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differences have been studied under the same uniformity of morphia 


Tracing 5. Fox-terrier. Splenic artery and splenic vein in axis. 
The cannula in the splenic vein was in connection with a fine-bored 
manometer filled with saturated MgSO, sol. This manometer was 
placed in connection with a delicate piston recorder. An elevation 


_ of 10 mm. of the lever of the piston recorder corresponded to a rise 


of 70 mm. of sat. MgSO, in the manometer. : 
A. Feet down. B. Horizontal. 


On placing the animal feet downwards the pressure in the splenic 
artery scarcely varied, but the form and rate of the respiratory undula- 
tions were markedly different. 

On the other hand the pressure in the splenic vein—that is to say 
the portal venous pressure—rose over 100 mm. MgSO, sol., while the 
respiratory undulations became very marked. At the moment of turning 
the animal with the feet down a slight rise was observable in the splenic 
artery and a slight rise in the splenic vein. I found that on placing the 


animal with the feet up a slight fall occurred in the splenic artery and 


a slight rise in the splenic vein. The large rise of portal pressure in the 
feet-down position. to be seen in the tracing, is as will be noticed later, 
caused by the determination of blood to the veins of the splanchnic area. 
In consequence of this there should be a fall on the arterial side, but 
under the influence of gravity the compensatory constriction in the 
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arterioles of the splanchnic area prevented a more marked fall of 
pressure from being shown in the splenic artery. 


Tracing 6. Fox-terrier. Femoral artery and femoral vein in axis. 
The pressure was recorded in the central end of the femoral vein, the 
valves having been destroyed by passing a stylet up into the vena cava. 
The vein was connected with the MgSO, manometer, and this itself was 
in connection with a delicate air tambour. 


A. Feet down. B. Horizontal. 


Upon placing the dog with the feet down, a rise in arterial pressure | 
took place and there was also a marked change in the character of the 
respiratory undulations, The rise in the femoral vein trace did not 
take place synchronously with that in the artery owing to the vein 
having chinked whilst the change in the position was being made. The 
rise in the vein was equal to 200 mm. of MgSO, sat. sol. 

On turning the animal’s feet upwards the reverse effect was given 
and the venous pressure became pegative. 


Tracing 7. Fox-terrier. The carotid pressure and the cerebral 
venous pressure are recorded in this tracing. The venous pressure 
was taken in the torcula Heropbili by the method described by me 
in Pr. Roy. Soc. Vol. 55. A hole having been drilled into the torcula, 
the cannula was screwed in and connected with the venous manometer 
and the manometer with the piston recorder. The axis passed near the 
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torcula so that a correction is necessary for the carotid, the recorded fall 
of pressure being slightly too little. 


‘A. Feet down. B. Horizontal. 


On turning the animal with the feet down the cerebral venous 
pressure fell more than 100 mm. of sat. Mg,SO sol. below the zero 
pressure. The respiratory undulations are shown to be extremely 
exaggerated on both curves. On placing the animal feet upwards 
the reverse result was given. The effect on the cerebral venous 
pressure can be compared with the effect on intra-cranial pressure 
recorded in Tracing 3. Both methods give the same results, Intra- 
cranial pressure is always the same as the cerebral venous pressure. 


7 


When the animal’s head is raised above the trunk the influence of 
gravity can be at once observed by opening the torcula. The pressure 
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is then negative and no blood flows out, but on depressing the head the 
blood at once begins to flow. 

The reverse of these same phenomena can be observed in the central 
end of the femoral vein. No blood will flow from the cannula in the 
feet-up position, but when 
the animal is placed with 
feet down, the blood flows 
out freely. 

From the above facts 
it is manifest that with 
the skull intact the cir- 
culation stagnates in the 
brain in the feet-down 
posture, and with the 
skull opened if the cere- 
bral capillary blood pres- 
sure falls below that of a 
column of blood reaching 
from the heart to the brain, 
the capillaries will empty 
and the brain will collapse. 

This collapse of the brain 
can be experimentally ob- 
served by trephining the 
skull when the animal is 
in the feet-down position 
and the blood pressure is 
very low, and the same 
thing was noticeable in 
the patient of Dr Claye- 
Shaw ; whenever this man 
stood upright, the scalp 
over the trephine hole was 
sucked in. 


Tracing 8. Fox-terrier 
Anesthetic, ether and 
chloroform in equal pro- 
portions. Carotid in axis, 


‘ 
x 
4 
4 
rt 
33 


L. HILL. 


A. Moderate anesthesia. 

B. Feet down. 

C. Anesthetic pushed. 

D. Feet up. 

E. Anzsthesia still com- 
plete. 

F. Horizontal. 


The effect on the influ- 
ence of gravity of pushing 
the anzsthetic is shown in 
this tracing. On placing the 
animal with feet down and 
putting it under moderate 
anesthesia with a mixture 
of ether and chloroform the 
fall was slight. On rapidly 
pushing the anesthesia the 
pressure ran down. quickly 
towards the zero line. At 
the point D immediately | 
after the withdrawal of the | 
anesthetic the animal was 
turned from feet down to 
feet up. The pressure rose 
considerably at once, and 
then more gradually till the 
animal still in a condition 
of deep anzsthesia was once 
more placed in the hori- 
zontal position. This tracing 
shows that the fall of pres- 
sure was due partly to vaso- 
motor paralysis and partly 
to cardiac failure. The 
blood could be driven by 
gravity to the heart from 
the veins, but the heart 
could not pass it on to the 


arteries, 
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Tracing 9. Fox-terrier. Carotid in axis, Anssthetic, Chloroform. 


A. Feet down. D. Abdomen compressed. 
_ B. Chloroform pushed. E. Compression removed. 
C. Chloroform removed. F, Feet up. 


This tracing shows that the splanchnic area is the seat of the vaso- 
motor paralysis induced by the anesthetic. — 

By firmly compressing the abdomen at a time when the pressure 
was rapidly sinking to zero, recovery was brought about. The pressure 
fellaagain immediately on removing the compression from the abdomen, 
to be once more restored by the feet-up position. It is noticeable 
however that the feet-up position did not restore the pressure to a 
higher level than that which was maintained in the feet-down position 
before the anesthesia was pushed. This is due to the weakened action 
of the heart. 

The effect of chloroform on monkeys is the same, and is uninfluenced 
by the maintenance of artificial respiration throughout the administra- 
tion of the anzsthetic. — 


Tracing 10. Fox-terrier. Carotid in axis. Anesthetic, Ether. 


A. Feet down and anesthetic pushed. E. Compression removed. 
B. Anzsthetic withdrawn. F. Horizontal. 
C. Abdomen compressed. 


The striking contrast between the slow fall produced by pushing 
ether and the rapid fall produced by chloroform in the feet-down 
position is shown in this tracing. In moderate amounts, ether does 
not interfere with the compensation, and when this anesthetic is pushed 
the fall is very gradual. A third of the tracing was removed in order 
to reduce the size for reproduction, the fall therefore is still more 
gradual than is exhibited. Finally most of the compensation was 
abolished, although the heart-beats remained strong. The abdomen 
was then compressed and the blood pressure was immediately restored. 
On removing the. compression the pressure fell again, and was finally 
restored by placing the animal in the horizontal position. 

Both ether and chloroform when pushed damage the compensation 
for some time after these anesthetics have been removed. 
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Tracings 11 and 12. Cat. Anesthetic: Ether and chloroform (in 
equal proportions). 
A. Feet down. C. Feet up. 
B, Horizontal. D. Horizontal. 
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These tracings show the effect of the feet-down and feet-up positions 
before and after the division of the vagi, The animal was — 
ansosthebised, 


In Tracing 11 cardiac inhibition is seen to occur on rapidly 
returning the animal from the feet-down to the horizontal position, and 
again on placing the animal in the feet-up posture. 

PH. XVIII. 3 
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In Tracing 12 it is shown that this inhibition was abolished after 
the vagi were divided, and now when the animal was placed in the 
feet-up position cardiac acceleration followed. 


Tracings 13 and 14, Fox-terrier. The spinal cord was divided 
between the 6th and 7th dorsal vertebree and destroyed with a stylet 
as far as the 3rd dorsal vertebra. The carotid and intra-cranial pres- 
sures are recorded. The axis passed close to the trephine hole. © 


13 


The correction, in reference to the axis, for the carotid pressure 
made necessary in passing from the horizontal to feet-down position is 
slight enough to be ignored. After the cord was divided in the upper 
dorsal region the carotid pressure in the feet-down position is seen to 
fall to the zero line. The heart-beats which succeed the primary fall 
were occasioned by violent respirations. These respirations are of a 
peculiar gasping type. The abdomen is maintained in the retracted 
position and deep thoracic inspirations are made, The retraction of 
the abdomen forces blood up from the veins of the splanchnic area while 
the thoracic inspirations exert a suction action. | 

The total effect of each respiration was to draw some blood into the 
right heart and occasion a heart-beat. Exhaustion soon followed, caused 
no doubt by the anemia of the respiratory centre. This anzmia is 
shown by the fall in intra-cranial pressure, by the cessation of respiration 
and of the heart-beats, and by the apparent death of the animal. If, in 
such an experiment, the thorax is opened and the heart observed, the 
right side of the heart is seen to completely empty when the animal is 
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placed in the feet-down position, but it continues to rhythmically 
contract. 

On turning the animal to the hocizontal position the heart is seen 
to fill again immediately. The instantaneous recovery brought about 
by the horizontal position is shown 1n Tracing 13 and still better by the 
feet-up position in Tracing 14. The blood is actually shot out of the 
vena cava and from the veins of the splanchnic area into the heart. 


14 


From the tracings of the vena cava and the splenic vein it is clear 
that the blood passes into the veins of the abdomen, and this is also 
shown in the tracings which have been obtained with the femoral in 
axis after division of the spinal cord, and by the effect of bandaging the 
abdomen. 

Tracings 15,16 and 17. Fox-terrier. These tracings are obtained 
from the same animal as are Tracings 1 and 2, with which they should 
be compared. The spinal cord was divided at the 6th dorsal vertebra 


¥ 
‘4 
4 1a he & 
J 
‘Ej 
4 
, 
4 
i 
“3 
4 
a 
. 
‘a 
a 
4 


36 


L. HILL. 


and the cord was destroyed with a stylet as far as the 3rd dorsal 


vertebra. 


Tracing 15. Carotid in axis. 


A. Feetdown. OC. Feet up. 
B. Horizontal, D. Horizontal. 


16 


The fall of pressure which followed 
upon turning the animal feet downwards 
was not so great as shown in Tracing 14, 
but the effect of the peculiar type of re- 
spiration is well seen. If this tracing is 
compared with Tracing 1, the effect of 
the division of the cord in abolishing 
the compensation will at once be seen 
and the danger of taking the vertical 
feet-down position in such a condition 
must be easily recognized. 


Tracing 16. Femoral in axis. 


A. Feet down.  C, Feet up. 
B. Horizontal. D. Horizontal. 


On turning to the femoral trace and 
comparing it with Tracing 2 it will be 
seen that the hydrostatic moment except 
for a momentary rise is apparently abo- 
lished, and that pressure falls in the feet- 
down position. In both the Tracings 15 
and 16, the feet-up effect, on the other 
hand, is practically the same as in Trac- 
ings 1 and 2. The fall of pressure, after 
the section of the cord is made, which 
occurs through the blood passing into the 
abdominal veins is so great as to obscure 
the manifestation of the hydrostatic mo- 
ment in the femoral trace. That the 
hydrostatic moment is still present is at 
once seen by measuring the level of the 
carotid and femoral tracings respectively 
above the zero line. On calculating the 
difference between the two levels I found 
that it was equal to a pressure of about 
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406 mm. of blood, and upon measuring the length of the dog from the 
carotid to the femoral cannula I found it to be roughly 405 mm. 

The difference between the tracings 1 and 2 and 15 and 16 lies in 
the fact that when the latter two were taken the splanchnic flood-gates 
had been thrown open. | 


Tracing 17. Femoral in axis. 


A. Feet down. C. Hand removed. 
B. One hand firmly placed on abdomen. D. Horizontal. 


The effect of squeezing the abdomen with the hand or of firmly 
bandaging it shows still better where the blood lies. By placing one 
hand firmly upon the abdomen the femoral trace at B is converted from 
the condition of Tracing 16 into the condition shown in Tracing 2. 

By a simple mechanical means the compensation has been perfectly 
restored. Immediately that the hand is withdrawn the pressure again 
falls to the old level. 


Tracing 18. Cat. Anzsthesia moderate. Ether and chloroform in 
equal proportions. Carotid in axis. | 
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A. Feetdown. C. Bandage removed. 
B. Broad bandage drawn round D. Horizontal. 
abdomen. 


This tracing still better exhibits the effect of bandaging the abdomen. 
In the normal condition the animal had little power of compensation ; 
this could however be artificially supplied to it, for as long as the 
bandage was maintained the pressure remained normal. It is possible 
by firmly strapping to drive the pressure up beyond what is even the 
normal level in the horizontal position. 


Tracing 19. From the same Cat. 


A. Horizontal. E. Abdomen bandaged. 
B. Abdomen bandaged. = F. Bandage removed. 
C. Bandage removed. G. Horizontal. 

D. Feet up. 


In this tracing is shown the slight effect of bandaging the abdomen 
in the horizontal position and the insignificant effect in the feet-up 
position in contrast to the enormous effect in the feet-down position. 

In another experiment I determined the effect of bandaging the 
abdomen in a still more significant way. 


19 


The dog was placed in the horizontal position with the carotid in 
axis, the abdomen firmly strapped and the spinal cord divided in the 
upper dorsal region. On placing the animal feet downwards the blood 
pressure fell only on a few millimeters. After a few minutes I removed 
the strapping from the abdomen, the pressure immediately fell to zero 
and the animal died. If the wall of the abdomen is very freely divided 
by a crucial incision when the animal is in the feet-down position, the 
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blood pressure will fall largely in consequence of the withdrawal of 
mechanical support from the splanchnic vessels, 

I was interested in finding an observation recorded by Stephen 
Hales” in his classical researches on blood pressure—“ When the blood 
had subsided a little in the tubes which were fixed to the arteries of © 
these dogs, it would, as in the horses, rise on a sudden considerably on 
deep sighing, as also on pressing the dogs’ bellies hard with the hand 
the blood would immediately rise about six inches and subside as much 
on taking off the hand, and it was the same on several repetitions.” _ 

Roy and Adami” found that compression of the abdomen increased 
the quantity of blood thrown out by the heart, to the extent of 296 p.c. 
(or even more) during the period of compression. 
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Tracing 20. Fox-terrier. Spinal 
cord divided at the level of the 6th 
dorsal vertebra and destroyed up to 
the 3rd dorsal vertebra with a stylet. 

A. Feet down. : 
B. Lower segment of cord excited. 
C. Excitation removed. 

D. Horizontal. 

In this tracing is seen the effect of 
stimulating the lower segment of the 
spinal cord after it had been divided. 

On turning the animal feet down- 
wards the pressure fell below the zero 
line in the horizontal position to the 
zero line in the feet-down position. 
A few of the peculiar respiratory gasps 
followed, the effect of which is shown 
on the trace. 

At B the cord was excited with a 
weak interrupted current, the blood 
pressure immediately rose and respira- 
tion again began. At C the excitation 
ceased, and after a few more respiratory 
gasps, the pressure again fell to zero. 

At D the animal was once more — 
placed in the horizontal position and 
immediate recovery followed. 


Tracing 21. Fox-terrier. Carotid 
in axis. Vagi divided. Left splanch- 
nic divided. Thorax opened. Artificial 
respiration. 

A. Feet down. 

B. Left splanchnic excited. 

C. Excitation removed. 

D. Excitation on. 

E. Excitation off. 

After any severe operative pro- 
cedure the effect of the feet-down 
position is always markedly increased. 
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This tracing shows the result of the division of one splanchnic nerve 
and of the operative procedures necessary for exposing both splanchnics. 
The nerves were found by resecting the last rib and opening the thorax. 

On placing the animal feet downwards the pressure fell to zero. 
At the same time the tube for artificial respiration chinked owing to 
the change of position. 

At B is shown the effect of exciting the peripheral end of the left 
splanchnic and immediately after an asphyxial rise of pressure took 
place, so that the pressure did not fall at C when the excitation was cut 
off. 

At D the splanchnic was again excited and with the help of the 
increasing asphyxial rise the pressure was finally driven up above its — 
level in the horizontal position seen at the beginning of the experiment. 

In conditions uncomplicated. by asphyxia, stimulation of the splanch- 
nic gives a rise in pressure which is followed by an immediate fall when 
the excitation is removed. 

I have found in monkeys that the fall of pressure is less severe after 
the spinal cord was divided, but otherwise the results given are exactly 
the same. The splanchnic flood-gates cannot be opened so widely in 
the monkey and the effect of gravity is therefore less dangerous. 


Tracing 22. Large mongrel Terrier. Curari in addition to morphia. 
B. Abdomen bandaged. jE. Abdomen bandaged. 
C. Bandage removed. F. Bandage removed. 
D. Respiration renewed. 


In this tracing is shown the effect of bandaging the abdomen in 


asphyxia. The uppermost trace is that of the peripheral end of the 


carotid, the middle trace is that. of the central end of the carotid, and 
the lower trace is that of the cerebral venous pressure taken in the 
torcula Herophili. 

The bandage was applied at the point when the pressure was just 
beginning to fall, and the result was an immediate rise of pressure and 
great acceleration of the heart produced by the sudden access of a large 
quantity of blood. This was followed by sudden failure of the heart 
and the fall of the blood pressure to zero. On supplying it with 
artificial respiration the animal rapidly recovered and the effect of re- 
bandaging the abdomen after recovery is seen to be very slight. 

This tracing shows the danger of throwing too much work on the 
heart when in an impoverished state, and points to the protective nature 
of the vaso-motor paralysis in the splanchnic area. 
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Tracing 28. Fox-terrier. Carotid in axis. Vagi divided, Artificial 
respiration. Curari in addition to morphia. 
A. Feet up. C. Feet down. 
B. Horizontal. D. Horizontal. 
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This tracing exhibits 
the vaso-motor paralysis 
produced by a large dose 
of curari. 

Compensation is abo- 
lished ; on placing the ani- 
mal feet downwards the 
pressure is seen to fall to 
the feet-down zero line, 
On returning the animal 
to the horizontal position 
recovery takes place at 
once. 


Effect on the Respiration. 


Tracings 24 and 26, 
Fox-terrier. Carotid in 
axis, 


Tracing 24. 
A. Feet up. 
B. Horizontal. 
C. Feet down. 
D. Horizontal. 


This tracing shows the 
usual effect on the respi- 
ration of altering the posi- 
tion of the animal. The 
feet-up position accelerates 
respiration, and the feet- 
down position inhibits it. 

The respiratory record 
was taken by means of a 
broad band of strapping 
passed round the thorax 
and attached to a Paul 
Bert tambour. This tam- 
bour was connected with 
a Marey’s tambour. It 
was impossible to employ 
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any more accurate method of recording the respiratory movements — 
owing to the alterations of the animal’s position. On observing the 
animal, the) respiration was seen to be of the diaphragmatic type in 


the feet-up position and of the thoracic type in the feet-down position. — 
The difference in type becomes very marked in conditions where there 
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is a large fall of blood pressure in the feet-down position, as after 
division of the spinal cord, The marked alteration of the respira- 
tory undulations has been already seen in many of the blood pressure 
tracings. | 

The animals maintain a retraction of the abdomen and aspirate 
blood into the heart by deep thoracic inspirations. Dividing the vagi 
abolishes the inhibitory or accelerating effect produced by the alterations 
of position, but it does not alter the types of respiration. 


Tracing 25. 
A. Feet down. C. Feet up. 
B. Horizontal. D. Horizontal. 


In this tracing is shown the effect in the same animal of dividing 
the vagi. Respiration is now accelerated by the feet-down position. 

The influence of the changes of position on the respiration had 
previously been observed by Blumberg and Wagner. 


CONCLUSIONS.- 


There is little difficulty in interpreting these experiments and in 
drawing the following conclusions from them. (1) That the force of 
gravity must be regarded as a cardinal factor in dealing with the 
circulation of the blood ; (2) that the important duty of compensating 
for the simple hydrostatic effects of gravity in changes of position must 
be ascribed to the splanchnic vaso-motor mechanism; (3) that the 
effects of changing the position afford a most delicate test of the 
condition of the vaso-motor mechanism ; (4) that the amount of com- 
pensation depends largely on individual differences; (5) that the 
compensation is far more complete in upright animals, such as the 
monkey, than in rabbits, cats, or dogs, and, therefore, is probably far 
more complete in man; (6) that in some normal monkeys over-com- 
pensation for the hydrostatic effect occurs; (7) that in the- normal 
monkey and man gravity exerts but little disturbing influence owing 
to the perfection of the compensatory mechanism ; (8) that when the 
power of compensation is damaged by paralysis of the splanchnic 
vaso-constrictors, induced by severe operative procedures or by injuries 
to the spinal cord, by asphyxia, or by some poison such as chloroform or 
curare, then the influence of gravity becomes of vital importance ; 
(9) that the feet-down position is of far greater moment than the 
feet-up position, because when the power of compensation is destroyed 
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the blood drains into the abdominal veins, the heart empties, and the 
cerebral circulation ceases; (10) that, generally speaking, the feet-up 
position occasions no ill consequence; (11) that the horizontal and 
feet-up positions at once abolish the syncope induced by the feet-down 
position by causing the force of gravity to act in the same sense as the 
heart, and thus the cerebral circulation is renewed; (12) that firmly 
bandaging the abdomen has the same effect (while the heart remains 
normal, and so long as the mechanical pressure is applied to the 
abdominal veins, the pressure cannot possibly fall); (18) that if the 
heart is affected, as by chloroform or curare poisoning, the restoration 


of pressure is incomplete, and it is possible that the heart may be 


stopped altogether by the inrush of a large quantity of blood, caused by 
too rapid an application of pressure on the abdomen (more work would 
be thrown upon the heart than in its impoverished condition it could 
perform); (14) that vagus inhibition and cardiac acceleration are 
subsidiary compensatory mechanisms in the feet-up and feet-down 
positions respectively; (15) that chloroform rapidly paralyses the 
compensatory vaso-motor mechanism and damages the heart; (16) that 
ether, on the other hand, only paralyses the compensatory vaso-motor 
mechanism very slowly and when pushed in enormous amounts; 


_ (17) that the vaso-motor paralysis induced by these anesthetics lasts 


for some considerable time after the removal of the anesthetics; 
(18) that chloroform can, by destroying the compensation for gravity, 
kill the animal if it be placed with the abdomen on a lower level than 
the heart; (19) that elevation or compression of the abdomen imme- 


diately compensates for the vaso-motor paralysis produced by chloroform ; 


(20) that compression or elevation of the abdomen, coupled with 
artificial respiration and with squeezing of the heart through the 
thoracic walls, is the best means of restoring an animal from the 
condition of chloroform collapse; all these results agree entirely with 
Mc Williams’, and are opposed to those of the Hyderabad Com- 
mission. (21) that the feet-down position inhibits respiration, and the 
feet-up position accelerates it; (22) that these respiratory results 
probably depend upon the stimulation of sensory nerve endings by 
changes of tension brought about by the alterations of position, because 
the results are abolished by dividing the vagi; (23) that in the feet- 
down position the respiration is thoracic in type, and the abdomen is 
retracted; in the feet-up position the respiration is diaphragmatic and 
the abdomen freely expanded ; (24) that these types of respiration tend 
to compensate for the effects of gravity on the circulation, for the 
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retraction of the abdomen in the feet-down position mechanically 
supports the abdominal veins, whilst the thoracic inspirations aspirate 
blood into the heart. In the feet-up position the full and free 
expansion of the abdomen withdraws all obstacles to the compensatory 
dilatation of the abdominal veins. 


PRACTICAL APPLICATION TO MEDICINE AND SURGERY. 


The great importance of the position of the body in the methods of 
treatment employed in medicine and surgery is confirmed by these 
experiments. ‘They above all point to the necessity in cases of syncope, 
shock, hemorrhage and chloroform poisoning, of maintaining the cere- 
bral circulation and filling the heart by elevating or strapping the 
abdomen. 

Syncope. That the influence of gravity is brought to bear on the 
ordinary emotional syncope is clear from the success of the usual 
treatment of lowering the patient’s head between the knees, Syncope 
is commonly regarded as being due to a cessation of the action of the 
heart. It is however well known that in numberless cases of syncope 
the heart does not cease to beat, but continues to pulsate rapidly and 
very feebly, although no sign of the radial pulse can be felt. 

~ In Quain’s Dict. of Med. 1894, it is stated that “Syncope consists 
essentially in sudden failure of the action of the heart.” Now, no nerve 
is known which can produce such an effect except the vagus nerve, and 
we have not the slightest ground for assigning this action to that 
nerve. 

Foster™ speaks of this phenomenon as being produced by natural 
vagus stimulations differing altogether from our coarse electrical 
stimulations. But the vagus inhibition which occurs in the feet-down 
position and in asphyxia, both of which are ‘natural’ stimulations, 
exactly resembles the inhibition produced by our coils and _ batteries. 
There is therefore no evidence that the condition of the heart in syncope 
is produced by vagus excitation. 

In the Reference Handbook of the Med. Sciences, New York, 1888, the 
view is put forward that “in most instances fainting must be regarded 
as an influence of emotions upon the centres of the vaso-constrictor 
nerves of the cerebral hemispheres.” This theory cannot be supported, 
for it has hitherto been impossible to determine the existence of any 
cerebral vaso-constrictor nerves, and we may rest assured that even if 
these nerves do exist they are quite insignificant in their action. 
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The symptoms of syncope are exactly similar to those conditions 
observed in an animal placed feet downwards with the power of com- 
pensation destroyed by the production of vaso-motor paralysis. The 
empty heart continues to beat rapidly and feebly but the pulse cannot 
be felt, the cerebral circulation ceases and hence consciousness is 
abolished. A deep sigh is the first obvious sign of an improvement. 
A sigh is a deep thoracic respiration with retraction of the abdomen. 
The compensatory effect produced by such a respiration is observable 
in many of the tracings. The animal or the patient in the condition of 
“syncope is immediately restored on being placed in the horizontal or 
feet-up posture. 

It therefore seems legitimate to suggest that ordinary emotional 
syncope is produced by sudden and temporary inhibition of the vaso- 
motor centre caused by some painful and powerful sensory stimulation. 
Asthenic individuals with the least power of compensation would be 
most prone to syncope. The evolutionary etiology of syncope, if I may 
enter so far on the path of speculation, possibly lies in the fact that. 
danger is avoided by the sudden fall into the horizontal position and the 
simulation of death. This theory of syncope can be easily tested on 
patients by the results obtained on firmly pressing or strapping the 
abdomen. The customary practice of placing the patient’s head down 
_ between the knees to remove faintness points to the truth of this view, 
and it is interesting to note that patients who faint while in the sitting 
posture frequently fall forward with the arms folded against the 
abdomen so that the weight of the trunk is supported by the knees and 
the arms are pressed against the abdomen. 

Dr T. Sayer has put the views suggested by me as regards syncope 
to a practical test. He was treating a patient for an ulcer on the 
finger, when the man suddenly became faint with sickness and noises 
in the head. On feeling the radial artery Dr Sayer found the patient 
to be almost pulseless, he then applied firm pressure to the abdomen, 
the pulse immediately strengthened and the sickness and noises dis- 
appeared. When the compression was withdrawn all the symptoms 
immediately returned, to be once again abolished by a fresh application 
of pressure. 

The power of compensation is probably largely affected by the 
habits of the individual animals. Gerdy pointed out that vine-dressers 
become for instance able to work all the day in a bending — with 
the head down. 

Salathé suggested that patients who have lain ‘ci in bed lose 
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the power of adapting themselves to change of position and become like 
quadrupeds and hence the faintness, dizziness and danger of syncope 
which occur during convalescence when the patient first rises from bed. 

Dr George Oliver™ has investigated the effects of position on the 
diameter of the radial artery in man, by means of his most ingenious 
instrument, the Arteriometer. Many of his results obtained by an 
entirely independent method agree exactly with the results obtained by 
me on monkeys. Dr Oliver writes—-“In many cases of apparent 
increase of the calibre in recumbency, the artery enlarges just as the 
patient assumes this posture, but in a minute or so settles down to a 
lower point—either uniform with or below that of the sitting posture.” 
This is exactly the effect I have obtained in normal monkeys in good 
condition, the first effect (hydrostatic) of turning the animals from the 
feet-down position to the horizontal is a rise of blood pressure, the 
second effect (dynamic) is over-compensation, producing a slight and 
maintained fall. 

Again Dr Oliver writes—‘ The first form of variation characterized 
by the minimum calibre as it is found in recumbency is that which is 
commonly followed in vigorous subjects of both sexes; and the second 
in which the recumbent is the maximum calibre, is apparent for 
_ variable periods during the digestion of a full meal, after a certain 
amount of muscular effort, and generally when the body is tired as the - 
result of labour and exercise, or is below par.” “When asthenia was 
the predominant clinical condition, the radial calibre in the standing 
posture was often remarkably reduced.” This second condition is 
exactly the same as the result obtained by me in the monkey weakened 
by operative procedures, anesthetics, etc. 

The first day after I returned to the laboratory after a severe attack 
of influenza Dr Oliver found the diameter of my radial artery to be © 
16 mm. sitting and 19 mm. recumbent. One week later the diameter 
was 1°9 sitting and 1°55 recumbent, and I had completely recovered my 
compensatory power, and had lost all feeling of faintness on rapidly 
changing my position. 

On the first day compensation was supplied to me by compression 
of my abdomen, and the diameter of my radial was driven up from 
16 mm. to 1°99 mm, (sitting) by this means. 

I believe that the arteriometer will afford an accurate method of 
testing from day to day the power of compensation in changes of 
position, and therefore of the condition of the vaso-motor mechanism 
‘and the value of the lines of treatment pursued. 
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Shock. The significance of these experiments in regard to shock 
cannot be doubted. After death from shock or syncope the abdominal 
veins on post-mortem examination are commonly found to be engorged 
with blood. “The story told by the symptoms of shock is one of 
depression of all the vital functions associated with the evidence of a 
diminished circulation of blood in those portions of the periphery which 
we can examine during life. The integument is blanched and shrunken, 
the pulse is thready or imperceptible, the veins are collapsed, and open 
wounds unless involving large arterial trunks bleed slightly or cease to 
bleed.” 

These symptoms are exactly exhibited by an animal which after the 
production of vaso-inotor paralysis in the splanchnic area is placed feet 
downwards. Since Goltz’s experiments of paralyzing the splanchnic 
vessels in the frog by sharply striking the abdomen, splanchnic paralysis 
has been the commonly received explanation of the pathology of shock. 
Many of the after-effects of shock can be associated with the consequent 
cerebral anemia. In acase of shock after operation when the patient 
remained in a befogged mental condition, Dr Oliver found that the 
radial diameter was half what it became when the patient recovered. 

In the animals experimented upon by me, the severer the operative 
procedures undergone, especially when the abdominal viscera are 
implicated, the less perfect has been found the compensation. If the 
cause of shock is to be found in vaso-motor paralysis of the splanchnic 
area, with the consequent advancing cerebral anemia, the symptoms 
can, in all probability, be at once removed, as is found in animals, by 
firmly strapping the abdomen. 

It seems possible therefore that bandaging or elevating the abdomen 
may be a treatment of some value in cases of shock and especially where 
an operation is urgently required. 

Hemorrhage. The influence of position after severe hemorrhage 
was long ago experimentally proved by Marshall Hall* Froin the 
present research it seems evident that it is the abdomen that must be 
elevated and bandaged; this treatment applied to the limbs only as is 
the usual practice can be of far less value. Neither can the injection 
of normal saline be of much benefit, for as long as the splanchnic flood- 
gates be open wide the salt solution will simply collect in the all- 
devouring abdominal veins. The rapidity with which normal saline, 
without causing more than a very small and only temporary rise of the 
arterial pressure, can be driven into the circulation is a fact well 
known”. The injection of saline on the other hand causes a marked 
and far more permanent rise in venous pressure. 
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Chloroform. That the danger of administrating chloroform is 
increased in the vertical position or with the head raised above the 
trunk is obvious from the results recorded in this paper. It is possible 
that death may result from vaso-motor paralysis although the empty 
heart is continuing to beat. This result is entirely opposed to the 
evidence of the Hyderabad Commission. 

The influence of abdominal compression in immediately removing 
the effect of the vaso-motor paralysis has been made manifest, and 
this is in complete agreement with some earlier observations of 
Mac William”. Vomiting is regarded by anesthetists as a sign of 
improvement in chloroform collapse and the act of vomiting compresses 
the abdomen. 

It is important to remember that the vaso-motor paralysis continues 
for some little time after the removal of the anesthetic, and hence on 
_ this ground and also by reason of the shock after operation, it is 
indicated that the patient’s abdomen should be elevated or compressed. 
The causes of death frum chloroform are undoubtedly as Mac William 
has said three in number, (1) respiratory failure, (2) vaso-motor 
paralysis, (3) dilatation of the heart from poisoning of the cardiac 
muscle. 

The first and second causes of danger can be immediately abolished 
by artificial respiration and abdominal compression, the third cause is 
almost always irremediable. 

In one or two cases I have been able to remove the dilatation of the 
heart by rhythmically compressing it and thus artificially renewing the 
blood supply to the poisoned cardiac muscle. At the same time 
artificial respiration must be maintained; the abdomen on the other 
hand must not be forcibly compressed, because the heart is in a state of 
dilatation and paralysis, which state would only be increased by forcing 
a large quantity of venous blood into the heart. 

Mac William has also succeeded in overcoming the dilatation of the 
heart in the same way. All my results as regards chloroform are in the 
closest agreement with those of Mac William. 

Trephining. In the light of these experiments the existence of 
an open trephine hole or the removal of large pieces of the cranium 
must be seen to have a most important effect on the cerebral circula- 
tion. As long as the skull is closed the cerebral vessels cannot empty 
under the influence of the hydrostatic moment even if the compensation 
be weakened or abolished—that is unless cerebro-spinal fluid be 
secreted into the intra-cranial cavity to a corresponding amount, and 
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this is negatived by some few experiments which I have carried out on 
the subject. So soon however as the skull is opened and atmospheric 
pressure is brought to bear upon the brain, the cerebral capillaries will 
immediately collapse and the blood be withdrawn from. the brain, 
whenever the cerebral capillary pressure falls below that of a column 
of blood, the height of which is measured from the heart to the brain. 

This explains the rapid death which can be sometimes induced in 
animals by placing them feet downwards after trephining the skull, as 
Regnard and Salathé have found. 

Heart Disease. The position selected by patients suffering from 
lung or heart disease can be explained, for it is manifest that the 
upright posture will afford the greatest relief by diminishing pulmonary 
congestion through the retention of a large quantity of blood in the 
splanchnic area. 

In this connection Dr C. J. Bond” has experimentally shown that 
the supine position is less favourable to the patient than the prone 
position, owing to the chinking of the base of the heart and the venz 
_ caves in the supine position, brought about by the weight of the heart 
itself. 

Binders and Abdominal Belts. The common practice of 
wearing abdominal belts for weakness, and the application of binders 
after parturition, find a physiological explanation in the results of this 
research. Roy and Adami have suggested that the almost universal 
practice of wearing waist-belts and stays is due to the fact that 
compression of the abdomen increases the output of the heart and the 
blood supply to the brain and muscles. 

As however I have shown that the normal monkey compensates 
perfectly for changes of position, and Dr George Oliver has by 
measurements with the arteriometer found the same thing in normal 
healthy men and women, the practice of tight-lacing cannot be 
supported on physiological grounds, and probably owes its origin far 
more to the instinct of sexual attraction. 

_ Cases are occasionally recorded of patients some of whom lose their 
memory in the standing position, and regain it in recumbency ; others 
can only do mental work when in the horizontal position, and others 
suddenly are at a loss for memory when attempting to address a public 
meeting. | 

The Rabelaisian effects of fear which are so commonly manifested by 
‘men before battles, examinations, public performances, etc., the 
vomiting, diarrhea and involuntary micturition, and the loss of 
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memory more rarely met with, may all be associated with splanchnic 
paralysis and determination of blood to the abdomen. In such cases 
a tight abdominal belt might be of considerable service, as in any 
other condition in which the normal compensation for gravity is 
abolished. 
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SYNTHESISED COLLOIDS AND COAGULATION. By 
J. W. PICKERING, DSc. (Lond.), George Henry Lewes Student. 


(From the Physiological Laboratory of King’s College, London.) 


NOTWITHSTANDING the many and recent researches on the coagulation 
and clotting of proteids, but little attention has been paid to the 
solution of the. problem from a synthetic standpoint. In a paper’ 
published two years ago I pointed out that the experiments of Prof. 
Grimaux®* would, if substantiated, throw considerable light on the 
conditions which characterise and control the heat-coagulation of — 
proteids. The aim of Grimaux’s researches has been to synthesise 
simple colloidal substances and follow in them the changes from the 
soluble to the insoluble condition. The principal substance synthesised 
was the “colloide amidobenzvique,’ formed by the heating together in 
sealed tubes at 125° to 130°C. of meta-amidobenzoic acid and phos- 
phorous pentachloride. 

At a recent meeting * of the Physiological ati I announced that 


1 This Journal, x1v. 347. 1893. 


3 Proc. Physiol. Soc. No. u. 1895. 


‘Sur des colloides azotés.” Comptes Rendus, xcut. 771, 1881, and Bulletin de la 
Société Chimique, xxxvu1. 65. 1882. 

‘* Sur la réaction de l’albumine et d’un colloide azoté obtenu par la synthése.” 
Comptes Rendus, xcvi1. 231 et 1336. 1884. Bulletin de Soc. Chim, xuu. 74. 
1886, Comptes Rendus de la Soc, de Biologie, xxxv1. 353, 1884. 

“ Sur l’éthylate ferrique et l’hydrate ferrique colloidal.” Comptes Rendus, XCVIII. 
105. 1884. Bulletin de la Soc. Chim. xum. 155. 1884. 

‘‘Sur diverses substances colloidales.”” Comptes Rendus, xcvim. 1434. 1884. 
Bulletin de la Soc. Chim. 156. 1884. 

“Sur quelques composés colloidaux dérivés de l’hydrate ferrique.” Comptes 
Rendus, xcvitt. 1485 et 1540. 1884. Bulletin de la Soc. Chim. xi. 206. 1886. 

‘‘ Théorie de la coagulation.” Comptes Rendus, xcvu1. 1578, 

“Sur les substances colloidales.” Legons de la Soc. Chim: 1886; reprinted in 
La Revue Scientifique, 18 April, 1886. This is a very complete paper and gives 
a summary of the others. 

‘Sur un albuminoide élémentaire obtenu avec la leucine.” Bulletin de la Soc. 
Chim. 545. 1884. ‘Sur les albuminoides.” Ibid. xx1v. 21. 1884, 
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after experimenting with the three synthesised colloids kindly supplied 
me by Prof. Grimaux, not only was I able to confirm many of his 
observations, but that each of these bodies besides behaving 
chemically in a manner strikingly similar to proteids, would if 
intravenously injected into rabbits in a 1 to 2 p.c. solution, 
produce extensive intravascular clotting, which often involves 
the whole of the heart, all the larger veins, and extends along 
the aorta. 

Further experiments have demonstrated that the three bodies under 
consideration show many chemical similarities to the globulins, and in 
their physiological action on the rabbit behave in a manner strikingly 
similar to nucleo-albumins. | 


BIBLIOGRAPHICAL. 


The following is the method of preparation of the three bodies : 


(1) The “colloide amidobenzoique,” hereinafter termed the 
colloid A, is made by heating in sealed tubes at 125°C. meta-amido- 
benzoic acid for one and a half hours with once and a half times its 
weight of phosphorous pentachloride. The product of the reaction, 
which is a white friable powder, should be washed repeatedly in boiling 
water so as to remove all the contaminating phosphoric acid. The 
remaining substance is supposed by Grimaux to be an intramolecular 
anhydride formed by the union of several molecules of the meta-amido- 
benzoic acid with the elimination of water. When ammonia is added it 
swells up and dissolves slowly and incompletely in the cold, rapidly and 
completely on warming. The solution obtained should be evaporated 
in vacuo at a low temperature. The resulting solid is a transparent 
jelly which dries into translucent yellowish plates, which in their 
physical properties resemble dried serum-albumin. 

(2) The colloid B is prepared from the same ihianea’' in a 
similar manner; the temperature of the synthesis is allowed to rise to 
135° C. 

(3) The “colloide aspartique,” hereinafter termed the colloid C, 
is best prepared by the passage of a current of gaseous ammonia heated 
to 170°C. over solid aspartic anhydride. ‘The product of the reaction 
should be washed in water. After evaporation in vacuo the solution 
yields a substance similar in appearance to the colloid A. | 

The chemical reactions of these substances are according to 
Grimaux best studied in 2°/, solutions. From such a solution they 
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are precipitated by hydrochloric, nitric, acetic, oxalic or tartaric acids. 
The precipitate produced by acetic acid redissolyes in excess and the 
solution produced gives a flocculent precipitate on the addition of 
potassium ferrocyanide. The colloid A gives a well-marked xantho- 
proteic reaction. With copper sulphate and potash the colloid A gives 
a blue-violet reaction and the colloid C a typical violet (like an albumin). 

In the entire absence of salts they do not coagulate on heating; but 
the presence of soluble salts of barium, strontium, or calcium, or of a 
few drops of a saturated solution of sodium chloride, a 1°/, solution of 
magnesium sulphate, or of a very dilute solution of ammonium chloride, 
determines the power of their heat-coagulation. 

Sodium acetate, potassium acetate, or sodium sulphate hinder the 
power of heat coagulation. Thus if lec. of a saturated solution of 
sodium sulphate be added to 1 c.c. of a 2°/, solution of the colloid A, in 
order to induce heat-coagulation, it is necessary to add four or five c.c. of 
a saturated solution of calcium sulphate, whereas if the sodium sulphate 
had been absent, five or six drops only would have been necessary. 
Moreover if the quantity of salt? present be insufficient to induce heat- 
coagulation, the passage of a current of CO, through the solution will 
often after subsequent heating induce coagulation. The coagulum like 

the precipitate formed by the passage of a current of CO, through a 
solution of a globulin redissolves when a current of air is passed through 
the solution. Further, the addition of a solution of calcium phosphate © 
dissolved in carbonic acid coagulates the colloids in the cold. Carbonic 
acid in the cold determines in the presence of either sulphate or 
chloride of sodium the precipitation of the colloid A ; this precipitate 
redissolves on the passage of a current of air through the solution in 
which it is suspended. If salts are absent from the solution carbonic 
acid will not alone either induce precipitation or determine heat- 
coagulation. 

Using a 2°/, solution of the colloid A with a trace of calcium 
sulphate, Grimaux states that opalescence can be induced by heating 
to 50°C., while coagulation takes place between 70 and 80°C. 

_ QGrimaux has also studied the heat-coagulation and spontaneous 

“clotting” of soluble hydroxides of iron and silicon, which he states 
obey the same physico-chemical laws that control the coagulation of 
organic nitrogenous bodies, For instance, the influence of carbonic 
acid and of salts in determining both heat-coagulation and precipi- 
tation is similar to that produced on both the colloid A, and on 
} This term is used in ite wider meaning. | 
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albumin. The following are the salient points of Grimaux’s researches 
on the colloids A, B, and C. 

(1) The temperature of heat-coagulation of the colloid A lies 
between 70°C. and 80°C. Opalescence can be induced by heating to 
50° C. | 

(2) The presence of certain neutral salts, or soluble salts of 
one of the alkaline earths (Ba, Sr or Ca,) is essential to the heat- 
coagulation of the colloid A. 

(3) Carbonic acid favours the heat-coagulation of the colloid A. 
In noting this fact we may recall Hewlett’s'! observation that the 
acidity of dilute solution of albumin favours their heat-coagulation as 
well as Wright’s* observation that the intravascular injection induced 
by the injection of nucleo-albumins occurs more readily in the veins 
than in the arteries, and Fano’s statement that the passage of a 
stream of CO, through “peptone” plasma induces clotting. 

(4) CO, and air have a reciprocal action in the precipitation and 
redissolving of the colloids A and C. 

(5) Certain salts delay or prevent coagulation. 


PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE COLLOIDS. 


In the solid state the colloids are light brown translucent plates, 
which are inodourless and tasteless. They are sparingly soluble in cold, 
readily soluble in warm distilled water, the resulting solutions being 
opalescent and pale straw coloured. Even a 5°, solution is only 
slightly viscid. In the absence of salts the solution may be boiled for 
several hours without the formation of a coagulum. Sterilised solutions 
exhibit no change in appearance after standing several weeks, although 
as will be shown hereinafter they either wholly or partially lose their 
physiological activity. 

If the dry colloid is thrown into boiling water it is only partially 
soluble. The insoluble residuum is similar in appearance to the friable 
powder formed by the action of the PCI, on the meta-amidobenzoic acid 
in the preparation of the colloid. It, like that powder, is very soluble in 
ammonia, and gives a solution or after evaporation a substance similar 
in appearance and reaction to the original colloid from which it has 
been derived. 

Pure solutions of the colloids are neutral. 


1 Hewlett. This Journal, xm, 498, 1892. 
2 Wright. Proc, Roy. Irish Acad. 117. 1891. This Journal, xu. 184, 1891, 
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A. Colour Reactions. The following reactions were obtained with 
potash and the sulphates of copper cobalt, and nickel respectively. 


| Copper sulphate | Cobalt sulphate | Nickel sulphate 
estes + Potash + Potash + Potash 


tas C Typical violet Red-brown Pale yellow 


solution _ . solution solution | 

Colloid B | Negative Negative | Negative 

Colloid A solution solution Negative 


Each of the colloids yields a typical xanthoproteic reaction. They 
are precipitated by Millon’s reagent, but after boiling the coagu- 
lum becomes a dirty brown or remains almost unchanged. Negative 
results were obtained with the reactions of Liebermann and Adam- 


kiewicz. These last two reactions are not characteristic of the non- 


aromatic proteid decomposition products, the former, according to 
Salkowski’, not being given by any of the aromatic members of the 
putrefaction products of albumin, while I’ can confirm. Salkowski’s 
statement that the latter test is only given by those putrefactive 
derivatives of albumin which belong to the indole group. In my paper 
cited above I have shown that the xanthoproteic reaction is given by 
substances which contain a beuzene nucleus in which one hydrogen has 
been substituted by hydroxyl; while the violet reaction with copper 
sulphate and potash, together with the yellow given with nickel sul- 
phate and potash, which were thought by Gnezda’ in the case of 
albumin to be due to the presence of a (CN) group, are more. probably 
due to the presence of a (CONH) group‘. Meta-amidobenzoic acid 
itself will not give these reactions. It is therefore possible that each 
of the colloids may contain a hydroxybenzene group, while the colloid 
C probably also. contains a (CONH) group. In its colour reactions 
the colloid C approaches the nearest to a proteid. 

-B. Precipitation.. I can confirm Grimaux’s statement that the 
colloids are precipitated by the mineral as well as by acetic, oxalic, and 


1 Salkowski. Zeit. fur physiol. Chem. xu. 215. 

? Pickering. This Journal, xiv. 369. 1893. 

3 Proc. Royal Soc. 208. 1889. 
. 4 Pickering. op. cit. 
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tartaric acids. They are also precipitated by metallic salts (e.g. lead, 
copper, iron, cobalt, nickel). The precipitates given by lead and copper 
salts pass into solution by the passage of a current of HSS, like those 
given with proteids, — 

Each of the colloids is precipitated by a 10°/, solution of a soluble 
salt of either barium, strontium, or calcium, the precipitates are in- 
soluble in excess of water. 

If a solution of either of the colloids be saturated with magnesium 
sulphate, ammonium sulphate, or sodium chloride, the whole of the 
colloid after standing rises to the top of the liquid and can be skimmed 
off.. On placing the scum in excess of distilled water it rapidly dissolves, 
forming the typical opalescent solution, which gives all the chemical 
reactions of the original solution. Further, a single performance of the 
process does not interfere with its physiological activity, but repetition 
of the “ purification ” impairs and finally destroys its activity. In this 
respect the colloids behave in manner similar to that discovered by 
Halliburton’ and Brodie to be characteristic of nucleo-albumins. 

If the amount of neutral salt added be insufficient to induce precipi- 
tation, the passage of a current of either carbon dioxide or of sulphur 
dioxide through the liquid will induce precipitation. In the former 
case the passage of a current of air through the solution in which the 
precipitate is suspended will redissolve the precipitate. 

Neither carbon dioxide nor sulphur dioxide will effect the precipi- 
tation in the entire absence of salts. 

The colloids are also precipitated by the addition of trichloracetic 
acid. It is important to note in connection with the experiments on 
-extra- and intravascular clotting recorded in later sections that the 
addition of the colloids A, B, or C to plasma or serum ‘causes no pre- 
cipitation. The colloidal hydrates of iron (“colloide ferrique ”) precipi- 
tate the proteids of plasma and hence cannot be used in experiments in 
intravascular clotting. 

C. Heat-Coagulation. In all the more important respects I can 
again confirm Grimaux’s work cited in section I. The salts named 
by that writer are essential to the production of heat-coagulation. The 
action of salts is illustrated by that of calcium chloride, One drop of a 
1°/, solution of CaCl, will induce heat-coagulation in 4c.c. of a 2°/, 
solution of either of the colloids at about 75°C. 

The addition of an equal volume of glycerine to the colloid inhibits 
the coagulability even though an amount of salt that would be sufficient 


1 Halliburton and Brodie. This Journal, xvu. 136. 1894. 
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in its absence is present. The passage of a current of either carbon 
dioxide or of sulphur dioxide will restore their coagulability. I have 
tried a parallel experiment with dilute egg-albumin and find that the 
addition of glycerine will not retard the heat-coagulation of that 
substance. I can confirm Grimaux’s statement that the acetates of 
potassium and sodium, as well as sodium sulphate, hinder the coagula- 
bility of the three colloids. 

To illustrate this I cite an experiment with the colloid C; lc.c. of a 
1°5°/, solution was taken which was coagulable after the addition of two 
drops of a saturated solution of sodium chloride. Another c.c, of the 
same solution had added to it 2c.c. of a saturated solution of sodium 
sulphate. Heat-coagulation could not be induced even after the ad- 
dition of 5c.c. of a saturated solution of NaCl. 

The colloids are precipitated by salicylsulphonic acid, and the ~ 
precipitate coagulates on heating. I may mention, after a somewhat 
exhaustive study of the precipitation given by this reagent, that I have 
failed to find any other substance related to proteids or albuminoids 
that is precipitated by salicylsulphonic acid. 


DIGESTION EXPERIMENTS. 


I have subjected each of the colloids to the action of pepsin and 
ay hydrochloric acid in an incubator at 38°C. for fourteen days. The 
colloid C which, before digestion, exhibits with copper sulphate and 
potash a typical violet reaction, after two days’ digestion gives the 
bright pink colouration with these reagents which is characteristic of 
peptones and proteoses. The digestion is however slower than that of 
the fibrin control experiments, and even after fourteen days was still 
incomplete. With cobalt sulphate + potash it gives a red-brown, with 
nickel sulphate + potash a pale orange. The colloid B is apparently 
not digestible. The colloid A digests much more slowly than the 
colloid C. After five days the pink reaction had not replaced the 
blue-violet of the unacted upon substance, but on the lapse of a week 
a faint pink had replaced the blue-violet, while after fourteen days, 
although the pink had somewhat deepened, the greater part of the 
colloid remained undigested. 


INTRAVASCULAR INJECTION OF THE COLLOIDS. 


The investigations of Halliburton’ have shown that the various 
tissue extracts (known by different names by different observers) which 


1 Halliburton. This Journal, x11. 806. 1892 ; ibid. vol. xv. 90. 
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induce intravascular clotting all consist of nuclein united to a proteid, 
and although small percentage variations occur in the extracts from 
different organs, yet their similarity and general reactions warrant the 
classing of all these bodies together as nucleo-albumins. 

C. J. Martin’ has found that snake venom which he showed to be 
free from nucleo-albumins produces intravascular clotting. He however 
advanced the hypothesis that the venom liberated a nucleo-albumin by 
disintegration of the cells in proximity to the blood stream. It should 
be borne in mind in examining this theory that the disintegration of 
leucocytes, which contain nucleo-albumin and which can be produced by 
the injection of distilled water, glycerine and other reagents does not 
cause intravascular clotting. 

Léwit* states that the various reagents which produce leucolysis 
will, if intravenously injected together with a solution of calcium 
chloride, induce intravascular clotting. Halliburton’ and Brodie 
have carefully repeated his experiments and have tried leech extract, 
curare, urea, uric acid, sodium urate, both Witte’s and Griibler’s 
“peptone,” the injection in each case being accompanied by that of 
a solution of calcium chloride, which in some cases was as strong as 
10°/,. In one case only was intravascular coagulation obtained, and in 
the isolated case the Witte’s “peptone” used swarmed with bacteria, 
and probably contained a nucleo-albumin either in the bacteria 
themselves or as a product of their activity. They have further shown 
that no destruction of white blood corpuscles follows the admixture 
of “peptone” with a drop of freshly drawn blood on a slide. The 
present position of the question is that there are two classes of 
substances which can produce intravascular clotting: (1) nucleo-al- 
bumins, (2) snake venom. The first class is characterised by the 
phosphorus of its nuclein, the second by its absence. In this paper 
I shall restrict my remarks on the intravascular action of the colloids to 
the description of a few typical experiments and the recording of 
certain of the more characteristic of the results obtained. In col- 
laboration with Prof. Halliburton I am further pursuing this question 
and a fuller account of our experiments will subsequently be published. 

The following is the general method of procedure. 

The colloids are dissolved in water, the strength being usually from 


1 Martin. Ibid. vol. xv. 880. 1894. 

2 Léwit. Studien zur Physiol. u. Pathol. des Blutes und der Lymphe. Jena. 
G. Fischer, 1892. 

3 Halliburton and Brodie. This Journal, xvu, 135. 
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1°5°/, to 2°/,. The opalescent straw coloured liquid is filtered, and on 
cooling is ready for injection. The animals used in these experiments 
were rabbits, all of which were anwsthetised by ether. All injections 
were made through the external jugular vein, and samples of blood 
when drawn were taken from the carotid of the opposite side. In those 
cases where the injection was not fatal the animal was killed by 
ligaturing the trachea. After the injection of from upwards of 5 c.c. 
of an active solution of the colloids the animal dies in a time varying 
from a few seconds to two or three minutes. There is no dyspnea 
except where the trachea has been ligatured. The respirations 
suddenly cease, but there are usually stretching movements of the 
limbs, while pronounced exophthalmos and dilatation of the pupils are 
almost always present. The heart may continue beating or twitching 
some time after the respiratory stoppage. Post-mortem examination 
is immediately performed after death, and in a typical experiment 
thrombosis is found to extend throughout the venous system, the 
cavities of the heart (except sometimes the right auricle), and into the 
aorta. The vena porte and vena cava inferior are characterised by 
enormous clots, and in this respect the clotting is often more pronounced 
than that produced by the injection of nucleo-albumins. 

Each of the three colloids gives similar results, and are apparently 
equally active, but variations of the quantity of the colloid necessary to 
produce coagulation occur with different animals. Also the colloid loses 
its activity by being kept in solution, so that it is desirable not to keep 
it in solution for more than three or four days. In those cases where 
clotting is incomplete or where it has been necessary to kill the animal 
by asphyxia, the clots are found in the venous system and in the left 
side of the heart, the arterial blood remaining fluid. It however 
rapidly coagulates on being shed. 

It is obvious that these three synthesised colloids, when 
_ injected into the vascular system, behave in a manner very 
similar to nucleo-albumins. 

~The following is a summary of six illustrative experiments; in all 
cases the animal was anesthetised by ether. 


1, Black rabbit. 5 cc. of 2°/, solution of colloid A injected into 
external jugular. Pronounced exophthalmos and dilatation of pupils. Sudden 
death owing to stoppage of respiration. Heart continued faintly beating 
some time after. Immediate post-mortem showed pronounced clots in all the 
cavities of the heart, in the aorta and in all the larger veins. 

2. Brown rabbit, 7:5 ¢.c. of a 2 °/; solution of colloid B were intra- 
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venously injected and fatal. Pronounced clots in heart and vessels’ as 
above. 

.. 8: Brown and white rabbit. 42:5 c.c. of.a 1 °/, solution of colloid C 
injected. Respiration failed after 30 c.c. but started again, 14°5 c.c. more » 
proved fatal. A well marked clot was in left ventricle, a smaller clot in 
the right ventricle and in the inferior vena cava. The remaining blood was 
fluid but clotted rapidly on removal, : 

4. Brown rabbit. 40 c¢.c. of a freshly prepared 1°/, solution of colloid A 
were injected. No exophthalmos, heart apparently beating typically ; 100c.c. | 
of a 1 °/, solution of CaCl, were then injected followed by a further injection 
of 5 ec. of the colloid A, No apparent change in the animal’s condition. 
Trachea ligatured, animal apparently died in first stage of asphyxia. Well- 
marked clots were found in left side of heart, aorta, portal, inferior caval, 
jugular and pulmonary veins. 

5. Brown rabbit. 25 c.c. of 1 °/, solution of colloid C injected, well 
marked clot in portal and inferior vena cava. Remainder of blood fluid. 

6. Black rabbit. 30 ¢.c. of a 1 °/, solution of calcium chloride injected, 
heart stopped, no exophthalmos, nor intravascular coagulation. 


The effects of the previous injection of “ peptone,” soap, potassium 
oxalate, on the clotting produced by the subsequent injection of the 
colloids is in general similar to the results obtained with nucleo- 
albumins, Full details and discussion of these experiments will be 
given in the conjoint paper with Prof. Halliburton. 


EXPERIMENTS ON EXTRAVASCULAR PLASMA. 


Having found that the three organic colloids under consideration 
each produce after injection into the circulation intravascular coagula- 
tion, it became of interest to determine if these synthesised substances 
would induce coagulation in extravascular plasma. Each of the colloids 
were used in a 2°/, solution, and experiments made on the same 
afternoon proved their activity. The plasma selected was that kept 
fluid by the influence of sodium sulphate. A number of test tubes 
were taken and kept at the temperature of the laboratory, viz. 9° C. 

No. 1. Contained 2c.c. of plasma + 10c.c. of distilled water and was 
found firmly coagulated after 16 hours. 

No. 2. Contained 2c.c. of plasma + 10c.c. of a solution of fibrin 
ferment + 2 drops of a 1°/, solution of CaCl,.. Coagulation was complete 
after 20 minutes. 

No. 3. Contained 2 c.c. of plasma + 10 c.c. of distilled water +2 drops 
of a .1°/, solution of CaCl,. Coagulation complete after 14 hours. 
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No. 4. Contained 2c.c. of plasma + 2°5c.c. of the colloid B +7'5c.c. 
of distilled water. Remained fluid indefinitely. 

No. 5. Contained 2c.c. of plasma + 2°5 c.c. of the colloid B+ "Bcc. 
of distilled water + 2 drops of 1°/, solution of CaCl,. Remained fluid 
indefinitely. 

No. 6. Contained 2c.c. of the colloid B + 2c.c. of fibrin ferment. 
Remained fluid indefinitely. 

Similar results were obtained with the colloids A and C. 

The experiments detailed above show that these colloids will hot 
induce coagulation in sodium sulphate plasma, neither will a further 
addition of a 1°/, solution of CaCl, determine the clotting. In these 
respects they behave in a similar manner to nucleo-albumins, which 
unless warmed to 40°C. with a 1°/, CaCl, will not induce coagulation in 
extravascular plasma. | 

Each of the colloids are like albumin, and unlike fibrin ferment 
coagulated by the addition of alcohol. Further it is aleagst unnecessary 
to remind the reader that fibrin ferment will not imdie-inttravascular 
clotting. Experiment No. 6 illustrates the fact that fibrin ferment 
fails to induce coagulation of the colloids, neither will the addition of 
two drops of a 1°/, solution of CaCl, produce this result. I have, up to 
the present, failed to induce spontaneous coagulation of these substances, 
although their temperature of heat-coagulation can be considerably 
lowered by the passage through them of a stream of carbonic dioxide. 

It is however essential for heat-coagulation that an alkaline eafth 
(Ba, Sr or Ca) or some of the salts enumerated in Section I. should be 
present. If salts are requisite for the intravascular coagulation produced 
by the colloids they are probably furnished by the blood itself. 


SUMMARY AND REMARKS. 


The following is a brief summary of the principal points of interest : 

(1) The researches of Prof. Grimaux, made nearly ten years ago, 
show that it is possible to synthesise organic colloids, which exhibit 
many of the chemical reactions which have hitherto been deemed as 
characteristic of either proteids or of their decomposition products. 

(2) Of the three colloids here considered, the first two—the colloids 
A and B are prepared by the interaction of PCI, and meta-amido- 
benzoic acid; the colloid C by the action of a current of gaseous 
ammonia at 170° ©. on aspartic anhydride. Each of these substances 
in the solid form is not unlike dried serum albumin; they yield 
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opalescent pale straw-coloured solutions when dissolved in distilled 
water. 

(3) A typical xanthoproteic reaction is given by the three colloids. 
With copper sulphate and potash the colloid A gives a blue violet 
colour, the colloid B a negative result, but the colloid C a typical violet 
colouration. With cobalt sulphate and potash the colloid C gives a 
red-brown solution, while with nickel sulphate and potash a pale yellow 
solution. Another colloid which I have not yet had the opportunity 
of examining is said by Grimaux to yield the xanthoproteic, “ biuret” 
and Millon’s reactions. 

(4). These colloids will not in the absence of salts coagulate on 
heating. If, however, a trace of a soluble salt of Ba, Sr, or Ca be present 
opalescence can be induced by heating to 50° C., coagulation about 75° C. 
Certain other salts will play the rdéle of the alkaline earths in heat- 
coagulation. 

(5) Their heat-coagulation is retarded by addition of potassium 
acetate, sodium sulphate or excess of glycerine. The passage of a 
current either of CO, or SO, restores the coagulability destroyed by 
excess of glycerine. 

(6) The colloids are removed from solution (rising to the surface 

of the fluid) by saturation with either Mg.SO,, (NH,),SO,, or NaCl. 
The separated solid readily redissolves in excess of distilled water. 
(7) Boiling water renders the colloids insoluble. Treatment of 
_ the insoluble product with ammonia and evaporation im vacuo regene- 
— rates the colloid, forming a soluble body which yields all the reactions 
of the original substance. 

(8) Carbonic acid in the presence of salts will cause precipitation 
of the colloids, The passage of a current of air through the solution 
will redissolve the precipitate. The colloids in this reaction behave 
like globulins. 

(9) The colloid B is apparently not digested by pepsin and 2°/, HCl. 
Evidence of slight digestion was obtained with the colloid A. Con- 
siderable digestion of the colloid C was obtained with pepsin + ‘2°/, HCl, 
the typical violet reaction with CuSO, + KHO of the undigested colloid 
being changed to a brilliant pink after two days’ digestion. An 
orange reaction was obtained with NiSO, + KHO after the same lapse 
of time. 

(10) Each of the colloids when intravenously injected causes 
extensive intravascular clotting of the blood of black and brown rabbits. 
In a typical experiment death is due to respiratory failure, which usually 
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results after the injection of 5 to 20c.c. of a 1'5°/, solution. Pronounced 
exophthalmos and dilatation of the pupil has been observed in each of 
15 experiments performed. In those cases where the injection of larger 
quantities of the colloids did not produce death, the animals were killed 
by asphyxia, and an immediate post-mortem showed clots in one or 
more of the larger veins. Albino rabbits are very resistant to the 
action of the colloids. 

(11) The action of potassium oxalate and “ peptone” in conjunction 
with the colloids is not unlike its action in conjunction with nucleo- 
albumins. Details are deferred. : 

(12) The colloids lose their physiological activity if kept for a long 
time in solution. 

(18) The “regenerated” colloid mentioned in paragraph 7 gives 
when intravenously injected typical blood-coagulation. 

(14) The experiments here recorded as well as more extended 
observations made in collaboration with Prof. Halliburton point toa 
striking similarity in the action of these colloids on the intravascular 
blood to that which is characteristic of nucleo-albumins. It is almost 
impossible to distinguish a difference in the action of these two 
substances on the blood. 

(15) The colloids will not induce Fi sg in extravascular 
sodium sulphate plasma. 

(16) Fibrin ferment will not induce coagulation of the solivide ¢ even 
after the addition of CaCl,. : 


‘In conclusion I wish to record my warmest thanks to Prof. 
Grimaux of Paris for kindly supplying me with specimens of these 
colloids, as well as to Prof. Halliburton, whose constant help and 
advice renders it most difficult for me to adequately express my thanks. 


9 April, 1895. 
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ON THE INNERVATION OF THE PELVIC AND AD- 
JOINING VISCERA. Part I. The Lower Portion of the 
Intestine. By J. N. LANGLEY, F.RS., Fellow of Trinity 
College, anD H. K. ANDERSON, MB., Caius College, Ca 


OUR main objects in this Paper are, to give an account of the origin, 
course, and function of the efferent nerves which supply the viscera in 
and in the neighbourhood of the pelvic cavity ; to ascertain the position 
of the nerve-cells with which the nerve fibres for each organ are 
connected; and to determine how far a scheme of innervation can be 
drawn up which shall be common to all the organs. 

It was not strictly within our scheme to deal with the striated 
muscles of the genito-anal region, but we have been led to make some 
observations on these also. | 

We shall consider :— 

The descending colon, rectum, and anus. 

The external generative organs. 

The uterus, vasa deferentes and seminal vesicles. 

The bladder. | 

The anatomy of the nerves supplying the several viscera. 

The peripheral nerve-cells connected with the efferent nerve 
fibres. 

And finally we shall discuss the broad conclusions which can be 
deduced from the facts described. 


INTRODUCTION. 


There are some facts and considerations which apply to most or to 


all of the organs we are investigating. It will avoid some repetition to 
state these at the outset. 


Anesthetics were given in all cases. As primary anesthetics we use, 
for rabbits, chloral given by rectal injection, or ether; for cats, chloro- 
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form ; for dogs, morphia injected sub-cutaneously. Tracheotomy is then — 
performed and the A. c, E. mixture given. When in addition, curari or 
nicotin is used, morphia is injected either sub-cutaneously or into a 
vein, a few minutes before giving the curari. 

Method of observation. We have in the great majority of the 
experiments observed the viscera directly. The graphic method, which 
we have sometimes employed, seemed to us to introduce more difficulties 
than it overcame. | 
‘When the effects upon the abdominal viscera of stimulating the 
sympathetic or any of its branches were to be observed, the incision 
was usually made through the linea alba. Occasionally in rabbits it 
was found convenient to cut out the cecum. 

Various methods of keeping the viscera warm were tried, (a) warm 
air saturated with aqueous vapour was driven over them by means of a 
water-motor, (6) a stream of normal salt solution was allowed to run 
over them, (c) pieces of flannel, warmed in salt solution and squeezed 
out, were placed over the viscera, except at such times as it was 
necessary to observe them; at intervals the abdominal walls were 
closed. The last method on the whole is the best. In the more recent 
experiments we have placed the animal on a hot-water bag. 

When the spinal nerves were stimulated with the object of deter- 
mining their effects on the abdominal viscera, the animal was either 
(a) suspended by the vertebra, and an incision made into the abdominal 
walls just ventrally of the lumbar muscles, or (b) placed on its side, 
partly suspended by one leg, and an incision made in the linea alba. In 
a prolonged experiment, warm salt solution was poured now and then 
into the abdominal cavity. 

In observations on the viscera in the pelvic cavity, the muscles on 
either side of the symphysis pubis were cut away, and the ventral part 
of the pelvic bones excised. The rectum however was often observed 
from the abdominal cavity. 

Unless otherwise stated, all the effects mentioned in this paper 
as obtained by nerve stimulation, were obtained with weak tetanizing 
induction shocks. The shocks were just distinctly felt, when the 
electrodes were placed on the tip of the tongue. | 

All the visceral effects described as produced by stimulating the 
_ spinal nerves in the vertebral canal were observed both on animals 
simply anesthetized, and on animals curarized as well as anesthetized. 

Two sets of nerve fibres. It is now generally recognised that most 
at any rate of the viscera with which we have to deal are supplied with 
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nerve fibres from two regions of the cord, viz. an upper region in and 
in the neighbourhood of the 3rd and 4th lumbar segments, and a lower 
region roughly corresponding with the sacral region. The nerves which 
issue from these two regions it will be convenient to call respectively 
the upper or lumbar set and the lower or sacral set. 

Since the effective nerves are somewhat different in the rabbit, cat, 
and dog, we shall as a rule consider these animals separately. 

Reflex effects on the viscera as a source of error in deter- 
mining the function of peripheral nerve fibres. It has been 
shown as the result of numerous experiments by many observers that 
a reflex effect on the anus, the external generative organs, the uterus 
and the bladder can be obtained by stimulating almost any afferent 
nerve ; and that in any one organ, a reflex effect is as a rule readily 
obtained by stimulating the afferent nerves supplying it. There is 
indeed good ground for believing that every visceral effect which can 
be obtained by stimulating efferent nerve fibres can also be obtained 
reflexly from the spinal cord by stimulating the appropriate afferent 
nerve fibres. This though commonly admitted, is as commonly neglected 
in dealing with the results of stimulating the peripheral end of the 
hypogastric nerves. 

The peripheral end of the hypogastric nerve. Frankenhauser 
pointed out that in the rabbit a strand from the hypogastric nerve is 
anatomically continuous with the anterior strand of the hypogastric 
plexus, that is with undoubtedly afferent sacral nerves, Indeed, in 
dissection, the hypogastric may look like a branch of the nervus erigens. 
In the cat and dog, the anatomical connection is less obvious. But in 
any case, the connection is sufficient to suggest that afferent sacral 
fibres may ascend the hypogastric, so that on stimulating the peripheral 
end of this nerve, a reflex effect, by means of the sacral cord, might be 
obtained on the various viscera supplied by the sacral nerves. 

Whether ascending sensory fibres are present or no in the hypo- 
gastric nerves is a matter for experiment. On the rabbit we have made 
about a dozen experiments to determine the question. Stimulation of 
the peripheral ends of the hypogastrics causes a faint reflex body move- 
ment at the beginning of an experiment and in not too deep anss- 
thesia; later, or in deep anesthesia, the stimulation does not cause a 
reflex movement, but still modifies the respiration, causing either an 
Increase in rate followed by a decrease, or a decrease in rate alone. 
Still later there is usually no effect on respiration. Some other 
obviously reflex effects are commonly obtained, viz. a twitching of the 
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external sphincter of the anus, and of the striated muscles of the 
generative organs. All these effects disappear after removal of oe 
spinal cord in the sacral region. 

- Towards the end of an experiment, it is true there are often no 
reflexes; nevertheless it is clear that in order to determine with 
certainty the direct motor effects of the hypogastric nerves, either the 
pelvic visceral branches must be cut, or the sacral cord removed. 

In the cat, the reflex effects are often absent, but we have observed 
them in one or two cases. This is in harmony with the fact that the 
hypogastric nerve in the cat contains very few (0 to 5) medullated fibres 
of sacral origin’. But where the nerve divides and joins the hypogastric 
plexus it receives a considerable accession of fibres, both motor and 
sensory, from the sacral nerves. Hence if the hypogastric be stimulated 
near the plexus there is not a little risk of escape of current to sacral 
fibres. These may produce an effect either directly by their motor 
fibres, or reflexly from the spinal cord by their sensory fibres (cp. also 
p. 71). 

The central end of the hypogastric. It is known that the hypogastric 
nerves contain sensory fibres which run to the lumbar part of the spinal 
cord. In order, then, to determine whether the ascending sacral fibres 
of the hypogastric nerves have a motor action, the connections of the 
‘inferior mesenteric ganglion with the lumbar spinal cord must be 
severed, before the nerves are stimulated. The simplest method of 
severance is to lift up the colon and cut through the mesentery for 
about an inch above and below the inferior mesenteric artery dorsally — 
of the ganglion, tearing away the mesentery from the artery. After 
this has been done, stimulation of the central end of the hypogastrics 
gives no reflex from the spinal cord. 

The ascending branch of the inferior mesenteric ganglion in the rabbit. 
We have obtained reflex effects from the lower end of this, ie. from the 
part connected with the inferior mesenteric ganglion; but have not 
observed any reflex on stimulating its upper end, ie. the part which is 
connected with the solar plexus. The sensory fibres of the ascending 
branch are very few, they run to the lumbar cord by way of the inferior 
mesenteric ganglion, and the spinal rami of this ganglion. __ | 

The sympathetic chain. Budge’ showed that in the lumbar region 
of the sympathetic, the afferent fibres run downward. This fact enables 
a portion of the course of the efferent sympathetic fibres to be followed 


1 Langley and Anderson. This Journal, xvir., 180. 1894. 
2 Budge. Zeitsch. f. rat. Med, xxt. 174. 1864. 
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without much difficulty; for if the lumbar sympathetic be cut and the 
peripheral end stimulated close to the cut end, there will be no reflex 
effects, provided care be taken that there is no escape of current to a 
white ramus communicans. Keeping this in mind, the rami communi- 
cantes,—and hence the spinal nerves,—which send efferent fibres to the 
various viscera, can be determined with a fair degree of accuracy by 
stimulating the trunk of the sympathetic just below the point where 
each white ramus communicans joins it. 

_ Reflexes from sympathetic ganglia. Sympathetic ganglia, in certain 
circumstances, are capable of producing reflex effects. And this must 
be borne in mind when stimulating some of the nerves connected with 
the inferior mesenteric ganglion or with the ganglia of the pelvic plexus. 
Thus stimulation of the lower end of the hypogastrics might conceivably 
produce effects on the pelvic viscera, in consequence of a reflex action ; 
the mechanism of the reflex being sacral fibres ascending the hypo- 
gastric, the ganglia of the hypogastric plexus, and the efferent fibres 
sent off by the cells of these ganglia. 

Isolation of sacral nerves. When stimulating the sacral nerves for 
the purpose of determining the functions of each, it is essential to isolate 
them on both sides up to their point of exit from the vertebral canal. 
As there is a considerable stretch of nerve inside the canal, and the 
roots are long, there is a temptation to ligature them all in the upper 
sacral region and to isolate them for one to two centimetres only ; in 
which case an escape of current to other nerves than the one stimulated 
is of almost certain occurrence. 

Nomenclature of the sacral nerves. This matter we shall consider in 
some detail in the section on the anatomy of the nerves. But one or 
two points we must, for the sake of clearness, mention now. The 
term ‘nervus erigens,’ which is so commonly used for the visceral fibres 
of the sacral nerves, is very inappropriate for a nerve which causes, 
amongst other effects, contraction of the rectum and of the bladder. . 
Since it lies in the pelvic cavity, we shall call it the pelvic visceral 
nerve, or more briefly the pelvic nerve. The plexus to which some 
branches of the hypogastric nerve run is commonly named the hypo- 
gastric plexus; but, in fact, by far the greater part of it consists of 
fibres from the pelvic nerve; on this account and because there is a 
certain absurdity in applying the term ‘hypogastric’ to a plexus in the 
pelvic basin, we shall call it the pelvic plexus. 

In the rabbit there is no single nerve to cued to the common 
pudic of man, in its place are three nerves, though not unconnected 
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with one another, the dorsal nerve of the penis or clitoris, and two 
nerves which we shall call the superficial and deep genito-anal nerves. 

It must be remembered in considering the arrangement of the 
lumbo-sacral nerves in the rabbit, that the anterior arrangement in this 
animal corresponds fairly closely with the posterior (a) arrangement of 
the cat. For the meaning of terms anterior, median, and posterior 
as applied to the lumbo-sacral nerves of the cat, we may refer to this 
Journal, vol. xv. p. 296. In the rabbit, we mean by an anterior 
arrangement one in which the 6th lumbar nerve sends a not inconsider- 
able strand to the sciatic, and in which the 7th lumbar takes no part in 
the formation of the obturator nerve; by a median arrangement, one in 
which the 6th lumbar sends no strand to the sciatic and in which the 
7th lumbar supplies a filament to the obturator, but not to the crural ; 
and by a posterior arrangement, one in which the 6th lumbar nerve 
sends no strand to the sciatic, and in which the 7th lumbar nerve gives 
a fair sized strand to the crural as well as to the obturator nerve. 
Other differences we shall describe later. 


THE LOWER PORTION OF THE INTESTINE. 


We divide this account into the following sections, 


Previous Observations. 


Function and Origin of the Efferent Nerve Fibres. 
Upper or lumbar set of Nerve Fibres in the rabbit. Function, 
p. 76. Origin, p. 78. 
Upper or lumbar set of Nerve Fibres in the cat, p, 82. 
Lower or sacral set of Nerve Fibres in the rabbit. Function, 
p. 85. Origin, p. 90. 
Lower or sacral set of Nerve Fibres i in the cat, p. 92. 
Course of the Nerve Fibres from the Spinal Cord to the Periphery, 
and Nature of Effects produced by stimulating the different 
peripheral Nerves. 
Peripheral Fibres of upper set in the rabbit, p. 95. 
» cat, p. 97. 
Peripheral Fibres of bio set in the rabbit, p. 99. 
” ” 9 cat, p. 100. 
Notes on the pes aenttaly in the Dog, p. 101. 
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PREVIOUS OBSERVATIONS, 


Budge’ in 1858 found that in the rabbit, stimulation of the spinal 
cord at the level of the 4th lumbar vertebra caused contraction of the 
rectum. This portion of the cord he considered to be a centre for the 
rectum, bladder, and ductus deferentes. He called it the genito-spinal 
centre. In his later papers on the genito-spinal centre, he dealt almost 
exclusively with the bladder, but apparently he was of opinion that the 
motor fibres passed from the genito-spinal centre to the rectum by way 
of the sacral nerves’, 

Nasse?’ found that motor fibres for the descending colon and rectum 
ran from the lumbar spinal cord to the sympathetic chain, and thence to 
the ‘inferior mesenteric plexus.’ He considered that most of the motor 
fibres leave the spinal cord in the neighbourhood of this plexus. The 
effect he noticed was a peristaltic or a tonic contraction. On stimulating 
the sympathetic he found the etfect greater, the nearer the stimulus 
was to the inferior mesenteric artery. 

Masius‘ made observations on the innervation of the external 
sphincter of the anus. He concluded that there is a centre in the 
spinal cord for the external sphincter. In the rabbit, the centre is at 
tle level of the disc between the 6th and 7th lumbar vertebre ; in the 
dog, it is at the junction of the middle with the lower third of the 5th 
lumbar vertebra. In the rabbit the motor fibres from the centre left 
the cord by the 2nd and 3rd sacral nerves; the 2nd sacral nerve had a 
greater motor effect than the 3rd. 

Goltz® from observations on dogs which were kept alive after section 

| of the spinal cord at about the junction of the thoracic and lumbar 
regions, showed that the movements of the external sphincter of the 
anus were governed by a centre in the lumbo-sacral spinal cord. 

According to Fellner* stimulation of the nervus erigens in the dog 
causes contraction of the longitudinal muscle, and inhibition of the 
circular muscle of the rectum: whilst stimulation of the peripheral end 


1 Budge. Virchow’s Archiv, xv.115, 1858, 
ry ? Budge. Zeitsch. f. rat. Med, xxt. 1864, Op. also Pfliiger’s Archiv, v1. 306. 
1872, 
| | 3 Nasse, Beitriige zur Physiol, der Darmbewegung. (Leipzig.) 1866. 
* Masius. Bulletin de VAcad. royale des Sciences de Belgique, 312. 1867 and 
xxv, 491. 1868, 
5 Goltz. Arch. f. d. ges. Physiol, vit. 479. 1874. 
* Fellner, Wiener med, Jahrb. 1883, p. 571. 
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of the hypogastric nerve causes contraction of the circular, and inhibition 
of the longitudinal muscle. In these experiments the rectum was cut 
through a little above the anus, and the upper part experimented on by 
the graphic method. Exner’ however, without expressing any opinion 
as to the correctness of Fellner’s conclusions, argued that, the results 
obtained by Fellner did not justify his conclusions, since he had based 
them on an erroneous view of the effect on the intestine of contraction 
of its muscular coats. Fellner? recently has adduced further experi- 
ments by another graphic method, in support of his view. 

_ Langley* found in the rabbit, that nerve fibres for the descending 
colon and rectum leave the spinal cord in two regions, an upper region 
which was determined chiefly by stimulating the sympathetic chain, and 
a lower region determined chiefly by stimulating the nerve roots in the 
spinal canal. The nerve fibres from the upper region were contained in 
the sympathetic from about the 2nd to the 6th lumbar ganglion, i.e. the 
fibres left the spinal cord by some of the nerves from-the Ist to the 5th 
lumbar. The nerve fibres from this region passed through the sympa- 
thetic to the inferior mesenteric ganglion, and thence by the inferior 
mesenteric and hypogastric nerves, The chief effect of stimulating these 
was inhibition and pallor of the descending colon and rectum, but some- 
times and generally when the nerves in the more peripheral part sof 
their course were stimulated, there was a brief contraction preceding 
the inhibition. The ihibition and the contraction affected both the 
circular and the longitudinal coat. The nerve fibres from the lower 
region issued from the spinal cord in the sacral nerves. The 3rd and 
4th sacral nerves produced a strong contraction—either peristaltic or 
tonic—of the descending colon and rectum; the 2nd sacral nerve gave 
a much weaker effect ; the 1st sacral a doubtful one. The contraction 
affected both coats. A distinct action on the recto-coccygeal muscle 
was only observed with the sacral nerves. In the cat and dog, similar 
results were obtained except that the effects of the upper set of nerves | 
were difficult to make out and that the effective nerve roots of the lower 
set were one root higher; the 7th lumbar nerve of the cat and dog 
corresponding to the 1st sacral nerve of the rabbit. 

Sherrington‘ obtained in the cat constriction of the anus on 
stimulating the 8th and 9th post-thoracic nerves, and occasionally on 


1 Exner. ‘ Arch. f. d. ges. Physiol. xxxrv. 316. 1884. — 

2 Fellner. Arch. f. d. ges. Physiol. tv. 542. 1893. 
a4 3 Langley. Proc. Physiol. Soc. Dec. 1890. (This Journal, a 
4 Sherrington. This Journal, 672. 1892. 
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stimulating the 7th. In macacus rhesus (16 experiments), the effective 
nerves were the 7th, 8th and 9th post-thoracic nerves; the 8th gave 
the greatest effect. The effect was often very feeble with the 7th, and 
occasionally with the 9th. In two experiments on the bonnet monkey, 
the anus was forcibly contracted by the 7th post-thoracic and feebly by 
the 9th. The effect was greater on the side stimulated than on the 
opposite, though with a strong stimulus a difference in the two sides 
was difficult to detect; after a median incision of the sphincter, the 
contraction was limited to the same side. | 

Langley and Anderson’ described in the cat contraction of the 
internal anal sphincter and pallor of the mucous membrance of~ the 
rectum as occurring on stimulation of the peripheral ends of either the 
hypogastric or the colonic nerves, and as occurring also as a reflex 
from the inferior mesenteric ganglion on stimulation of the central end 
of one hypogastric nerve. : 


Use of the terms, descending colon, rectum and anus. In the 
rabbit, cat and dog, there is no marked dividing line between the 
descending colon and the rectum. We use the term rectum, somewhat 
vaguely, for that part of the intestine which lies in the pelvic cavity, 
and to the upper part of which the recto-coccygeal muscle is attached. 
Similarly there is no marked dividing line between the rectum and the 
internal sphincter of the anus. On opening the anal orifice, a more or 
less constricted ring of the intestine is seen a little above the junction 
of the mucous membrane with the skin. This indicates the position of 
the main part of the internal sphincter. Since the internal sphincter 
is anatomically only a portion of the circular coat of the rectum, it 
would no doubt be correct to consider it with the rectum and not with 
the anus. But this course would be very inconvenient, since the 
movements of the internal sphincter and of the upper part of the 
rectum do not necessarily correspond; the contraction of one may be 
simultaneous with a dilation of the other. 

It is perhaps worth mentioning that in the rabbit, the skin is folded 
so as to make a tube below the anal end of the rectum. The tube is — 
about a centimetre long; and a portion of the external anal sphincter 
lies in its wall. Thus in the rabbit, the movements of the internal 
sphincter are not seen unless the skin tube be held open. It is 
advisable, for convenience of observation, to cut the tube for about 


1 Langley and Anderson. This Journal, xvi. 410. 1894. — 
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three millimetres dorsally and ventrally. The lateral portions of skin 
may then be held apart by forceps and a tension, varying as circum- 


‘stances suggest, applied to the internal sphincter; or the skin may 


be clamped on each side and the internal sphincter displayed 


The Upper Set of Nerve Fibres in the Rabbit. — 
Function. | 

Intestino-inhibitory and vaso-constrictor nerve fibres. 
The characteristic effects produced by the upper set of nerve fibres 
are inhibition and pallor of the descending colon and rectum. These 
effects are usually very distinct and they last a considerable time if the 
stimulus is kept on. In the rabbit, the descending colon and rectum 
show in nearly all cases on exposure some peristalsis with contractions 
of the longitudinal coat; and these movements are the more marked 
if the animal has been anesthetized by injecting chloral into the 
rectum. The inhibition involves both coats of the intestine, producing 
complete quiescence and flabbiness. On this point, there cannot be the 
least doubt, circular peristaltic and longitudinal pendulum movements 
are stopped with equal facility. There is no constant relation between 
the inhibition of the intestine and the contraction of its small arteries. 
In particular circumstances, inhibition may be seen with little or no 
pallor, or pallor without inhibition. Hence they are independent 
phenomena. 

-Intestino-motor fibres. It is obvious that in a nerve containing 
many inhibitory fibres, the presence of motor fibres may be difficult — 
to demonstrate. But on stimulating the upper set of nerves in any 
part of their course, the conclusion that there is a conflict between 
motor and inhibitory impulses is irresistible. Occasionally inhibition 
alone is produced, but usually there is a preliminary brief contraction. 
The contraction varies; it is commonly peristaltic, involving to all — 
appearance both coats; occasionally it consists of local circular 
constriction; and occasionally, though rarely, it takes the form of a 
longitudinal contraction of a part of the intestine, with little or no 


_ participation of the circular coat. In the several lumbar spinal nerves 


which send fibres to the descending colon and rectum, the balance of — 
inhibitory and motor fibres appears to vary, so that with one or more of 
them motor effects may be more distinct than inhibitory (cf. Table, 

Inhibitory and motor nerve fibres for the internal anal 
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sphincter. It is only in favourable circumstances that any of the 
lumbar nerves produce a marked effect on the internal sphincter. 
This, at any rate, is the way in which we explain the fact that we have 
only: obtained a definite action of these nerves upon the internal 
sphincter when the sphincter was observed early in the experiment, 
and that stimulation of the peripheral nerves has often produced no 
appreciable result (cp. p. 98). 

With care, however, large dilation of the internal sphincter can 
be obtained. The constriction of the bore of the intestine caused by 
the sphincter may completely disappear. The dilation is not confined 
to the region of the sphincter but includes the part of the rectum 
visible above. Thus the upper set of nerves produces inhibition of the 
muscular coats of the whole of the lower part of the intestine; in the 
descending colon and upper part of the rectum this manifests itself 
in flaccidity and collapsion of the tube; in the lower part of the 
rectum and in the anus, where there is some outward tension, it 
manifests itself in an increase in the diameter of the tube. We may 
recall that in these experiments, we excise the spinal cord in the region 
of the stimulated nerves, and take such other precautions as are 
necessary to avoid an escape of current. 

We have seen that the nerves of the upper set contain motor as 
well as inhibitory nerves for the descending colon; and we should 

naturally expect to find in them motor fibres for the internal sphincter, 
_ the more especially since such motor fibres are easily demonstrable in 
the cat. And we believe that the lumbar nerves which supply the 
internal sphincter have a few motor fibres for it, but we must confess 
that the proof of their presence is not altogether satisfactory, for the 
contraction, when obtained, is slow and not very great. 

Vaso-constrictor fibres for the anal mucousmembrane. The 
existence of these fibres can be shown without difficulty. Stimulation 
in the vertebral canal of the nerves of the upper set causes complete, 
though rather slow, pallor of the mucous membrane which lines the 
internal sphincter and of all the mucous membrane of the rectum seen 
above it. This occurs whether the sphincter dilates or contracts. The 
vaso-constrictor ‘effect is naturally more obvious when the blood 
pressure is high ; it diminishes considerably during the progress of an 
experiment. 

The upper set of nerves produces also contraction of the un- 
striated muscles lying immediately beneath the skin in the 
neighbourhood of the anus. The chief movement is one of the skin 
covering the posterior part of the rectum, this is dragged a little 
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_ ventrally and anteriorly. The effect is bilateral but much stronger on 


the side stimulated. 

The lumbar nerves may cause further a slight movement about the 
anus; the skin curls inwards a little, and there is some puckering of the ~ 
skin for a short distance from the anal orifice. The movement is 
apparently a passive one, caused by a forward, i.e. an anterior 
movement of the rectum, but it may perhaps be due to some 
unstriated muscle fibres in the skin. 

We have not found any proof worth mentioning of the existence in 
the upper set of nerves of vaso-dilator fibres supplying the intestine. 


Since the visceral fibres run from the spinal cord to the sympathetic, 
exclusively or nearly so, in the white rami, and the white rami in the 
lumbar region run downwards, fairly accurate results as to the spinal 
nerves which supply efferent fibres to the lower part of the intestine 
can be obtained by stimulating the sympathetic at different levels, care 
being taken to prevent reflex action. 

In a considerable number of experiments made on these lines in the 
rabbit we found (a) that in passing down the sympathetic, the first 
distinct effect was nearly always obtained on stimulating the 3rd lumbar 
ganglion or a little above it; that is, the 2nd lumbar nerve is as a rule 
the highest nerve which contains an appreciable number of fibres for 
the descending colon and rectum; (6) that the maximum effect was 
obtained by stimulating at the 4th or 5th ganglion, and (c) that at the 


7th lumbar ganglion there was either no effect, or a slight and doubtful 


one. We conclude that the 2nd to the 5th lumbar nerves inclusive 
send visceral fibres to the region in question. 

This method of determining the nerve origins has some advantage 
over that of stimulating the spinal nerves in the vertebral canal inas- 
much as there is no loss of blood and it is not necessary to use curari. 
We append the details of one experiment made in this way. In this, as 
in nearly all of our experiments, other organs beside the intestine were 
observed, -We mention all the observations made in the experiment, in 


order to give a clearer idea of the method, and to avoid repetition when 


we deal with the several organs, 


Experiment I. Rabbit. Chloral injected into rectum. auitinie. very 
deep. Abdomen opened along the linea alba. The abdominal viscera when 
not under observation were covered with flannel soaked in warm salt solution 
and wrung out. 
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11.5 Tie together and cut the right and left sympathetic chain just below 
the 1st lumbar sympathetic ganglion. Isolate’ them on the outer 
(muscular) side as far as the 2nd lumbar ganglion. 

Stimulate below 1st lumbar ganglion peripherally.—No effect 
on colon’, bladder, uterus or vagina®. (In this and in other cases 
the nerve was stimulated several times.) 

11.18 Tie both sympathetics below the 2nd lumbar singihen and 
stimulate the peripheral ends.—There is apparently a slight in- 

_ hibition and paling of the colon, and a slight paling and contraction 
of the vagina. 

11.45 Tie both sympathetics below the 3rd lumbar ganglion and 
stimulate the peripheral ends.—There is inhibition and pallor of 
the colon, weak contraction and pallor of the uterus (including the 
cornua), weak contraction of the bladder, weak contraction and 
pallor of the vagina. 

12.0 Tie both sympathetics below the 4th lumbar ganglion and 
stimulate the’ peripheral ends.—The same effects as from stimulat- 
ing below the 3rd ganglion, but much greater. 

Stimulate a nerve filament which leaves the sympathetic above the 
5th ganglion to run to the inferior mesenteric ganglion.—There is 
inhibition and pallor of the colon, contraction and pallor of uterus, 
contraction of bladder; doubtful slight contraction and pallor of 
Vv 

12.20 Tie both sympathetics below the 5th lumbar ganglion and 

| stimulate the peripheral ends.—The same effects as on stimulating 
below the 4th ganglion. 

12.30 Tie both sympathetics below the 6th lumbar ganglion and 
stimulate the peripheral ends.—Weak contraction of uterus and 
bladder, doubtful effect on colon ; strong action on vagina. 

12.43 Tie both sympathetics below the 7th lumbar ganglion and 
stimulate the peripheral ends.—No effect on colon, uterus, bladder ; 
good contraction and pallor of vagina. 


We have, also, stimulated the lumbar nerves in the vertebral canal, 
the spinal cord in the region of the nerves stimulated being excised. 
We give a summary of the results in the tables following. 


' This was to cut any white ramus which might join the sympathetic between the 
ganglia. The branches from the ganglia to the mesentery were of course left intact. 
A similar procedure was adopted when tying the sympathetic below each of the lower 
ganglia. 

2 We use ‘colon’ here for the descending colon and so much of the rectum as was seen 
from the abdominal cavity. 

* The vagina was held slightly open and observed externally. 
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Origin in Rabbit of Upper Set of Nerves to Internal Anal Sphincter. 
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The right and left nerves were stimulated together in Experiments 23 to 28. 
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On the whole we think the effects were less constant, and contraction 
more frequent, than on stimulation of the sympathetic trunk. We are 
inclined to attribute this mainly to the loss of blood which the operation 
frequently entails'. The general results as regards the descending colon 
and rectum are the same as those obtained by stimulation of the 
sympathetic. It will be noticed that the internal sphincter appears to 
receive nerve fibres from a somewhat more restricted region of the cord 
than the descending colon. It is, however, not unlikely, that the 2nd 
lumbar nerve sends fibres to the internal anal sphincter, and that in the 
conditions of the experiments they were inadequate to produce a 
recognizable change. 

We have not worked out the variations in nerve origin corresponding 
to the variations in the lumbo-sacral nerves. It is possible that with 


an extreme posterior arrangement, the 6th lumbar nerve contains some 
visceral fibres. 


The Upper Set of Nerve Fibres in the Cat. 


_ Function. It is well known that in the cat, the intestine is on 
exposure more quiescent than that of the rabbit. Strong peristalsis is 
as a rule only observed after prolonged blocking of the blood supply, 
and after death. Except in rare cases, stimulation of the upper set of 
nerves produces much less obvious effects upon the descending colon 
and rectum in the cat, than it does in the rabbit. The effects are of 
the same kind, the most marked and constant being pallor, the next 
inhibition of the whole intestinal wall. In the course of an experiment, 
most stimulations cause pallor, but apart from this there is often 
bewildering inconstancy, some stimulations cause inhibition more or 
less complete, others cause contraction of the circular coat, others cause 
contraction of both coats, and others again have no appreciable result. 

On the other hand, the upper set of nerves causes in the cat very 
marked contraction of the internal sphincter of the anus, an effect 
which, as we have said, is, at most, slight in the rabbit. In the cat 
there is a region of hairless skin around the anal opening, for convenience 
we may speak of the junction of this with the surrounding skin, as the 
outer anal limit, and of its junction with the mucous membrane as the 
inner anal limit. The internal sphincter when strongly contracted 


' It may be mentioned that in most of the experiments in which the spinal nerves 
were stimulated, morphia (with other anwsthetics) and curari were administered; in 
experiments on the sympathetic, chloral and the a.c.z. mixture were usually given. 
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causes a considerable protrusion of the inner anal limit, affecting the 
outer anal limit but slightly, so that the anus takes a conical shape. 
At times however the inner anal limit is drawn anteriorly, and the anus 
becomes funnel-shaped. In either case, the contraction is, as a rule, 
very obvious externally. But it is best to observe the internal sphincter 
directly, the external sphincter being held open. Then the contraction 
of the internal sphincter is seen to be accompanied by a slow but great 
pallor of the mucous membrane. Since the anus cannot ordinarily be 
- opened without causing more or less violent rhythmic movements, it is 
best to administer curari in addition to anzsthetics. In certain circum- 
stances, for example after repeated stimulation, there may be a weak 
contraction only, but great pallor of the mucous membrane. The tone . 
of the internal sphincter is markedly diminished by section of the 
lumbar nerves, and still more by extirpation of the inferior mesenteric 
ganglia. 

There is also, on sidiladie of the upper set of nerves, contraction 
of the unstriated muscles of the circum-anal skin, but the movement 
produced is not of the same kind as in the rabbit. The skin moves 
slightly towards the anus, the muscle fibres to all appearance radiating 
from it. Lastly there is pallor of the hairless skin around the anal 

opening. 
Origin. In determining the origin of these nerves from the spinal 
cord we have naturally paid most attention to the effects which are 
‘ most constantly produced, and which are easiest to observe, viz. the 
contraction of the internal sphincter, and the pallor of the mucous 
membrane of the end of the rectum. 

So far as our experiments go, we find no certain difference i ie 
the origin of the fibres for the descending colon and rectum and those 
for the internal sphincter of the anus; the most we have seen is that 
occasionally the upper effective spinal nerves had a more decided effect 
on the descending colon than on the internal sphincter, so that we 
think the results obtained for the latter can be transferred to the 
former. 

After observing the effects of stimulating the lower thoracic and 
lumbar nerves, we have noted the arrangement of the lumbo-sacral 
plexus, and we find that the action of the lower effective spinal nerves 
varies in correspondence with the arrangement of the plexus, we have 
not however found such a correspondence to extend to the ayper 
effective spinal nerves, 

In the following Table we give the results of hrenty experiments 
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on the origin from the spinal cord of the nerves to the internal 
sphincter. Contraction of the internal sphincter and pallor of the 
mucous membrane were the effects observed. 


In this and in other later Tables, symbols are used for the sake of 
brevity, and with the following meanings. 
—; the spinal nerve was not stimulated. 
0; the spinal nerve gave no effect. 


20 
M 
» 


no certain effect. 

apparently an effect. 

a slight effect. 

a moderate effect. 

a good effect. 

a greater effect than any other. 


It must be noted that in some of these experiments the observations on 
the internal sphincter were made after other observations ; hence, and for 
other reasons, the degree of contraction and pallor obtained in different 
experiments cannot satisfactorily be compared. This applies more or less to 
all the Tables we give of the relative effectiveness of the spinal nerves, 


Origin in Cat of Upper Set of Fibres to Internal Anal Sphincter. 


Exp. s 8 
XII Thoracic — 0 — 

I Lumbar — 0 ?8 
8 M §8 
pee — 0 0 
VI — 0 0 


87 
28 


7.6.40. 8 28 20. 86 

Median Posterior (a)t Posterior (b)t 


* Gave maximum pallor of mucous membrane of anal region. Degree of contraction not noticed. 
+ For form of this plexus cp. This Journal, xvii. 297. 1894. 


From the above we deduce the following scheme as to the origin of 
the nerves to the internal sphincter according to the anterior, median, 
or posterior position of the spinal nerves, 
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Markedly Anterior Median Markedly Posterior 
XIII Thoracic. Rarely has any fibres. 
I Lumbar. Sometimes has a few fibres. 
i aoe Moderate Slight or moderate | Slight 
C3 aa Good (maximum) | Good Good to moderate 
a Moderate Good Good (maximum) 
or slight Moderate to good 
0 0 0 


The Lower Set of Nerves in the Rabbit. 
Function. 


The effects which can be obtained by stimulating the lower or sacral 
set of nerves are :— 

1. Contraction of the recto-coccygeal muscle wid of the 
longitudinal coat of the rectum and descending colon. This 
effect is well known. The movement of the lower part of the descend- 
ing colon is considerable ; it may be dragged one to two inches towards 
the anus. In the part of the descending colon above the inferior 
mesenteric artery, the contraction is slight only. On stimulating the 
nerves on one side, the recto-coccygeal muscle contracts mainly, or 
entirely, on the side stimulated, hence with unilateral stimulation there 
is some degree of twisting of the colon. 

The anal region viewed externally is generally somewhat protruded, 
but it may, in certain circumstances, be dragyed in the opposite 
direction. Both movements may be caused, to a certain extent, by the 
longitudinal muscles of the rectum independently of the recto-coccygeal 
and of the striated muscles, If the external sphincter be held open, 
slight eversion of the anal mucous membrane may be seen. 

2. Contraction of the circular coat of the rectum and 
descending colon. To determine whether this effect occurs or not 
_is of fundamental importance with regard to the view we are to hold as 
to the relation of the nerves to the intestine. And we have accordingly 
given careful attention to it. We have stimulated the cauda equina, 
the sacral nerves separately (cp. p. 90), the pelvic nerve (p. 99), with 
and without administering curari. The results show we think con- 
clusively that the sacral set of nerves contain motor fibres for the 
circular as well as for the longitudinal coat. In favourable circum- 
stances the contraction is extraordinarily strong. The lumen of the 
contracted part becomes completely obliterated, and the piece of 
intestine a hard whitish cord. At times, only the rectum shows this 
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energetic tonic contraction, its upper end then becomes rod-like and 
pushes violently against the neighbouring structures. e : 
The effects observed on stimulating say the peripheral end of the 
cut cauda equina vary in individual cases, and vary also during the 
progress of the experiment. In some cases, the earlier stimuli though 
causing violent dragging down of the colon, cause no circular con-— 
traction, and the appearances are not inconsistent with Ehrmann’s 
theory of the action of the sacral nerves. Soon, however, as the stimuli 
are repeated, the peristaltic or tonic contractions develop, though they 
begin distinctly later than the longitudinal contraction. More usually 
some peristalsis is seen at the beginning of the experiment, though weaker 
than at a later time. If the strong longitudinal contraction were 
always obtained, it might be argued that the circular contraction, 
undoubtedly occurring in consequence of stimulation of the sacral 
nerves, was simply an indirect effect due to mechanical stimulation 
caused by the movement of the longitudinal coat. Fortunately, as the 
result of repeated stimulation or of other causes, the longitudinal 
contraction is sometimes very feeble; the circular contraction may then 
be seen almost alone, and indeed at times it may come so much to the 
| | front that it requires special precautions in order to be certain that 
| a longitudinal contraction occurs at all. In such case the tonic 
| contraction usually begins in the upper part of the rectum, and spreads 
for a variable distance upwards. The distinctness of the contraction 
of the circular coat is however largely dependent upon the absence 
of feces; thus if the descending colon above the inferior mesenteric 
artery and this alone be free from feces, stimulation of the sacral 
nerves will cause strong tonic contraction of this part of the colon, 
whilst the lower part and the rectum may be comparatively quiescent. 
| The longitudinal contraction is strongest in the rectum and becomes 
} slight in passing up the colon; if the upper part of.the rectum be held 
in the fingers, so that its downward movement exerts no drag on the 
intestine above, stimulation of the cauda equina will commonly cause 
peristalsis of the colon, both coats being affected, but the circular coat 
| takes a more obviously active part than the longitudinal. | 
The action of atropin upon the intestine is still a matter of contro- 
| versy ; but it seemed to us possible that this alkaloid might affect 
unequally the two intestinal coats. We made in consequence three 
experiments, stimulating the peripheral end of the cauda equina (2 
Exps.) or the several sacral nerves (1 Exp.) before and after the 
injection of 20 to 50 milligrams of atropin into the jugular vein. In all 
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three experiments, the sacral nerves, after atropin had been given, no 
longer caused the normal dragging of the end of the colon towards the 
pelvic cavity. In two of the experiments, the contraction of the 
circular coat, notwithstanding the atropin, was obtained in full 
‘Intensity. The proper longitudinal coat of the descending colon 
appeared also to contract. Hence we think that atropin differentiates 
not so much between the two coats of the intestine, as between the 
specially developed longitudinal muscles attached to the rectum and 
the rest of the intestinal musculature. | 

One or two minor points we may notice. When peristalsis is 
produced the waves usually travel from above downwards;. the tonic 
contraction as we have said usually travels from below upwards, it may 
affect a short stretch of the colon and spread out in both directions, 
Stimulation of the sacral set of nerves normally causes defecation 
unless this is prevented by contraction of the external sphincter, in 
which case there is commonly defecation on cessation of the stimulus, 
the contractions of the colon and rectum continuing for a short time 
after the external sphincter has relaxed. Atropin in our experiments 
put an end to defecation, a result which indicates, that defiecation is 
largely due to the longitudinal contraction of the muscles attached to 
the rectum. The dilation of the internal sphincter obtained by 
stimulating the sacral nerves was diminished, but not abolished by 
atropin. 

3. Dilation of the internal sphincter of the anus. This also 
is a very striking effect. The dilation is much prompter and greater 
than that produced by the lumbar nerves (p. 77). If the lumen of 
the internal sphincter be, as it often is, two or three millimetres in 
diameter before nerve-stimulation ; it quickly widens to eight or ten 
millimetres during the stimulation. The dilation is naturally much 
easier to observe, if the external sphincter has been paralysed by 
curari. We have obtained it by pinching the sacral nerves. Oc- 
casionally the sacral nerves had no effect on the internal sphincter, we 
attribute this to the considerable loss of blood which occurred in these 
cases, but it may have been due to individual peculiarities, In one 
case in which this occurred, the rectum was viewed through the 
internal sphincter; strong contraction of the part of the rectum 
visible was produced by stimulation of the 3rd and 4th sacral nerves, 
and slight contraction by stimulation of the 2nd ; the contraction ceased 
just above the internal sphincter. 

4. Contraction of the internal ishiontos. In one or two 
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experiments the sacral nerves gave dilation only, and the sphincter 
returned slowly to its semi-contracted condition after the cessation of the 
stimulus, so that there was no evidence of the presence of constrictor 
nerve fibres, But in the great majority of cases, the course of events 
was otherwise. A second or two after ceasing to stimulate, the 
sphincter contracted quickly and strongly, completely blocking the 
intestine. This contraction might perhaps be considered as a rebound 
from the previous inhibition—a negative after-action—but on that 
view it is difficult to comprehend why it should not occur always after 
good inhibition. And it has seemed to us that the easier the 
inhibition is to get and maintain, the less pronounced is the subsequent 
contraction. Occasionally, too, a brief contraction is the primary effect. 
Moreover, occasionally, even when the nerve roots are stimulated 
with a weak current half-an-inch centrally of the spinal ganglion, it 
happens that a contraction is obtained, without any dilation. These 
facts show, we think, that on stimulating the sacral nerves, constrictor 
nerve fibres for the internal sphincter are excited, in addition to dilator 
fibres. The constrictor fibres in this case must issue from the spinal 
cord in the nerve roots, for the sacral sympathetic in the rabbit 
contains few (or no) fibres for the internal sphincter, and hence, though 
there may be an escape of current to the grey rami joining the sacral 
nerves, such escape cannot cause more than a slight constriction of the 
internal sphincter muscle. 

5. Flushing of the mucous membrane of the end of the 
rectum. This is commonly seen during dilation of the internal 
sphincter. It is at times very distinct, but it appears to depend greatly 
upon the arterial blood pressure. If there has been much loss of blood 
whilst exposing the sacral nerves—and in the rabbit this is not easy 
to avoid—or if the animal has been overdosed with anesthetics the 
flushing may be slight or may not occur at all. Since the sacral nerves 
cause dilation of the vessels in the mucous membrane of the rectum 
and also, as is well known, in the external generative organs, we fully 
expected to obtain similar dilation in the vessels of the descending colon, 
bladder and uterus, which also are innervated by the sacral nerves. 
But in none of these have we been able to obtain decisive effects. Of 
the bladder and uterus we shall speak later. With regard to the 
descending colon; the usual events witnessed on stimulating the sacral 
nerves are as follows: if the circular coat does not contract, there is no 
obvious change of tint ; if it does contract, there is pallor in proportion 
to the strength of the contraction; as the contraction passes off, the 
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intestine flushes, and becomes much flushed before the intestinal walls 
have become flaccid. These effects on the blood vessels might be 
purely mechanical. Now and then stimulation of the sacral nerves, has 
been followed by pallor of the intestine, without simultaneous 
contraction of its coats. But this has been rare, and in any one 
experiment only occasionally obtained. 

We have modified the experiment by cutting open the lower part of 
the colon longitudinally, and observing both the blood flow from the 
cut edges and the tint of the mucous membrane. In these cases, 
stimulation of the sacral nerves certainly seemed to cause slight 
flushing of the mucous membrane and increase of blood flow; but the 
effects have never been so obvious that we could be sure of the 
presence of vaso-dilator fibres in the sacral nerves. : 

We conclude that if the sacral nerves have any action on the vessels 
of the descending colon, either vaso-dilator or vaso-constrictor, the 
action is but slight. — 

6. Contraction or inhibition of the unstriated muscle 
fibres of the circum-anal skin. The contraction is like that 
produced by stimulating the upper set of nerves (p. 77). We shall 
later bring forward reasons to show that it is due to stimulation of the 
sympathetic fibres which run to the sacral nerves by way of their grey 
rami. | 

With care a movement of the skin in the opposite direction to that 
caused by the upper set of nerves, can be seen. We take this to be 
due to an inhibition of the unstriated muscles of the skin. © 


7. Inhibition of the rectum and lower part of the descending colon. 
This effect we have observed twice out of a dozen or more experiments. In 
one experiment, stimulation of the 3rd, and of the 4th sacral nerves caused a 
brief elongation of the rectum and a swelling out of the lower part of the 
descending colon. In the other, the 3rd sacral nerve caused a similar 
elongation of the rectum and a cessation of the slight peristaltic movements 
which were going on in the descending colon. In both cases, the brief 
preliminary inhibition gave place to strong contraction. The rarity of these 
results prevents us from laying any stress on them. 


8. Contraction of the striated muscles. Lastly there is the 
well-known contraction of the striated muscles about the rectum and 
anus, The external sphincter contracts forcibly. The movement differs 
in most points from that produced by the internal sphincter. The 
relaxation of the external sphincter is of course much more rapid than 
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that of the internal. The retractor ani and some of the coccygeal muscles 
cause movements of the anus, but we have paid little attention to these. 


Stimulation of the sacral nerves may cause either protrusion or with- — 


drawal of the anus; with unilateral stimulation there is usually a 
backward movement of the anus, chiefly on the same side, or the anus 
may be pushed across to the opposite side. Like Sherrington, we 
find that unilateral stimulation of the sacral nerves causes contraction 
of the external sphincter chiefly in the same side; indeed, even a sett 
contraction may at times barely cross | the median line. 


Origin. 


Origin of Nerves to the Descending Colon and Rectum. The sacral 
nerves were stimulated in the vertebral canal, and the descending colon 
and rectum observed through an abdominal incision. The effects, of 
which account is taken in the following Table, are (a) a tonic or peri- 
staltic contraction of the descending colon or rectum, and (6) a longitu- 
dinal contraction of the rectum. On the whole the nerve fibres for the 
latter seemed to be somewhat more posterior in origin than those for 
the former. 


Origin in Rabbit of Lower Set of Nerves for Descending Colon 
and Rectum. 


3 4 


M 


I Covoygeal 0 
Lumbo-sacral Ant. 
Nerves 


Med. 


The details given in the preceding Table are scarcely sufficient to 
allow us to formulate the scheme of visceral distribution which corre- 
sponds with each variety in the arrangement of the sipesuontace esi 
but the following seems to hold good. 
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. Antericr Posterior 
II Sacral Good or moderate co 
Maximum Good . 
Moderate or slight ximum 
Coceygeal 0 Slight 


Origin of Nerves to the Internal Anal Sphincter. It. will be seen © 
from the following Table of Results that the origin of the nerve fibres 
for the internal sphincter is nearly the same as that for the descending 
colon. The effect observed was dilation of the internal sphincter. This 
was usually accompanied by flushing of the mucous membrane, and 
followed by contraction of the sphincter. In one or two of these cases, 
slight contraction and pallor was obtained now and then as a primary 
effect. 

In the experiments given in the Table—with the exception of Exp. 
11—curari was administered in addition to anesthetics. With anzs- 
thetics alone, the strong contraction of the external sphincter on 
stimulation of the 2nd and 3rd sacral nerves, makes it very difficult to 
observe the internal sphincter; moreover contraction of the external 
sphincter closes the internal. But on stimulation of the 4th sacral 
~ nerve, dilation of the internal sphincter is more or less distinctly seen. 


Origin in Rabbit of Nerves to Internal Anal Sphincter. 


I Sacral 0 0 0 —_— 0 — 0 
6 8 8.8 .. 
I Goccygal O08 — 0 — — 10 — 
Lumbo-sacral Ant. Ant.to Med. 
- Nerves Med. 


* The degree of dilation was not noticed in this experiment. 


Origin of Nerves to the Eaternal Anal Sphincter. The nerves 
supplying the external anal sphincter belong to the somatic and not to 
the visceral divisions of the spinal nerves, Their origin is as a rule 
more restricted than that of the visceral nerves, Usually, in the rabbit, 
three nerves send fibres. to the end of the intestine, and two only send 
fibres to the external sphincter; the two are usually the 2nd and 3rd 
sacral nerves. It will be noticed that. with a posterior plexus, .a few 
fibres may pass to the external sphincter from the-4th sacral nerve. 
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Origin in Rabbit of Nerves to the External Anal Sphincter. 


I Sacral G 0 — 0 0 0 0 

G G G G G 
0 G G G G G 

Lumbo-sscral Med. Med. 

to Ant. to Post. 


* In this rabbit, there were 13 thoracic nerves instead of 12; and the 
1st and 2nd sacra] nerves corresponded with the 2nd and 8rd sacral 
nerves of the normal animal. 


The Lower Set of Nerves in the Cat. 


Function. Of the effects which can be produced by stimulating the 
sacral nerves ; the two already known, viz. contraction of the longitudinal 
muscles of the rectum together with the recto-coccygeal muscles, and 
the contraction of the several striated muscles, are the only effects which 
are produced as decisively and constantly in the cat as they are in the 
rabbit. | 

The large downward movement of the lower end of the colon is 
caused in part only by the recto-coccygeal muscles, On cutting through 
the skin dorsally of the anus, the attachment of these muscles to the 
tail can be easily severed. The muscles retract considerably, and on 
stimulation of the sacral nerves, the cut ends pass an inch to an inch 
and a half from their normal point of attachment. Notwithstanding 
this section, the sacral nerves still cause great dragging down of the end 
of the descending colon; the anus and the surrounding region being 
usually withdrawn somewhat towards the pelvis. If the lower part of 
the rectum be held open, stimulation of the sacral nerves causes 
invagination of the upper part of the rectum. 

The contraction of the circular coat, when it is obtained, is slow, 
with usually small, but enlarging, ripples of peristalsis. 

The internal sphincter may either contract or dilate, both effects 
being much weaker and slower than in the rabbit; contraction alone 
is more commonly obtained than in the rabbit. Externally there may 
be seen a slight relaxation of the puckering of the skin of the anal 
orifice. When the mucous membrane near its junction with the skin is 
everted and watched during dilation of the internal sphincter, fine 
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lines radiating from the anal aperture are seen to move outwards 
towards the skin. The movement looks as if it were caused by the 
relaxation of longitudinal fibres of the muscularis mucose. Dilation 
may be visible in the rectum for two or three centimetres above the 
internal sphincter. The enlargement of the lumen may be in part due 
to the contraction of the longitudinal coat. Sometimes however it is 
plainly seen when the contraction of the longitudinal coat is slight. 
There is but little after-contraction. The flushing of the mucous 
membrane, sometimes obvious, is generally indistinct. 

Contraction of the skin muscles is distinct; inhibition sometimes 
seen. 

It may be noted that the external anal sphincter contracts from the 
outer anal limit (cp. p, 82), but does not, as happens in the rabbit, cover 
up the anal opening. The sacral nerves generally cause protrusion of 
the anus, but it, together with the surrounding region, may be distinctly 
withdrawn towards the pelvic cavity, whether the striated muscles are 
paralysed or not. 

Origin. We have made in the cat about half-a-dozen experiments 
as to the origin of the sacral nerve fibres which supply the descending 
colon and rectum. In these experiments, the 2nd and 3rd sacral nerves 
caused dragging downwards of the rectum and end of the descending 
colon, and sometimes contraction of the circular coat. The internal 
sphincter of the anus, though so responsive to the lumbar nerves, re- 
sponds but sluggishly to the sacral nerves. We have seen that the 
converse holds in the rabbit. The following table gives the results we 
have obtained. We conclude from them that a few inhibitory fibres for 
the internal sphincter are contained in the 2nd and 3rd sacral nerves. 
How far the contraction so commonly caused is due to fibres issuing 
from the sacral spinal cord by the roots of the nerves we leave over till 
we come to consider the action of nicotin. 

Our experiments on the origin of the nerves to the external sphincter 
are given below. It will be seen that with considerable variations in 
the anatomical arrangement of the sacral nerves, the same two nerves— 
the Ist and 2nd sacral—and these only, supplied the external anal — 
sphincter. The Ist sacral supplied the greater number of fibres, except 
when the origin of the nerves was markedly posterior. We had ex- — 
pected a greater variation in origin and—what is more important—a 
greater correspondence between the origin in the cat and the rabbit 
than we have actually found. An explanation of these difficulties we 
shall offer later, 
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“In one case ofa very extreme anterior plexus described by one of us some 
time ago’, the 7th lumbar nerve caused contraction of the external sphincter, 
though less than the Ist sacral. It is recorded in the notes of the experiment 
that the 2nd sacral also produced a slight contraction ; but it is possible that 
this was due to contraction of the internal sphincter, since at that time a 
movement only of the anus was noted and not its character: 


Origin in Cat of Loner Set of to Beternal Anal Sphincter 


an: 6 83 @. @ 
0 — Q 0 0 0 0 70 

erves 


CoursE OF THE NERVE FIBRES FROM THE SPINAL CoRD TO THE 
PERIPHERY, AND THE NATURE OF THE EFFECTS PRODUCED BY 
STIMULATING THE DIFFERENT PERIPHERAL NERVES. 


Peripheral Fibres of the Upper Set in the Rabbit. 


It hardly needs be said that the fibres run from the spinal nerves 
by the white rami to the sympathetic, and that most of them leave the 
sympathetic chain in the branches which run to the inferior mesenteric 
ganglia. From the inferior mesenteric ganglia there are anatomically 
three paths, (1) the ascending bundle, which is connected by a filament 
with the coeliac plexus, (2) the lumbar colonic or inferior mesenteric 
nerves, which form a plexus on the inferior mesenteric artery, and ac- 
company its branches, (3) the hypogastric x nerve (or similar but more 
dorsal filaments). 

In addition, there is the possibility of some fibres continuing down- 
wards in: the sympathetic chain, such descending fibres might reach 
oN ne destination either by the. nervus erigens, or by the somatic 


A Bangley. This Journal, xm, 858, 1891. Op. also xm, 997. 1804, 


The 6th lumbar and the 1st coccygeal nerve, were stimulated in many of the : 

experiments; as was to be expected they had no effect. F 

+ Exps. 26, 41, 48, 44, 46, 52. * Exps, 89, 49, 50, 51, 54. ; 

t Some of these were very slightly below the Median Class. In No. 53 (Median to q 

Post. nerves) the IInd Sacral appeared to cause stronger contraction than the Ist Sacral. 4 
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branches of the sacral nerves, or they might run direct through the 
mesentery. 

We have made a considerable number of experiments upon the 
effects of stimulating the sympathetic trunk and the branches proceeding 
from it. Of the sympathetic we have already spoken (p. 78). 

In the rabbit the branches from the sympathetic to the inferior 
mesenteric ganglia are delicate, and it requires care to isolate them for 
peripheral stimulation. The effect they produce is either inhibition 
and pallor, or this with a previous brief peristalsis, involving both 
coats, 

On stimulating the inferior mesenteric ganglia the effects, as a 
rule, vary according as the upper or the lower ganglia are stimulated. 
The upper ganglia commonly give pure inhibition. The lower ganglia 
cause first a peristaltic or tonic contraction and then inhibition. Occa- 
sionally, we have found the lower ganglia to give predominantly motor 
effects. The greater motor action of the lower ganglia, we take to be 
due in part to motor fibres which run to them from the sacral nerves 
(cp. p. 99). 

The ascending branch affects chiefly the upper part of the 
descending colon, its action is chiefly inhibitory, although there is often 
a slight preliminary contraction. It causes also constriction of the blood 
vessels. As a rule, the effect is not great, so that in view of the number 
of nerve fibres, it is possible that some run elsewhither than to the 
descending colon. 

The colonic nerves which run with the inferior mesenteric artery, 
have a motor effect more constantly and markedly than the ganglia. 
The effect is greatest for an inch or two on either side of the inferior 
mesenteric artery, but it is commonly considerable over the whole of 
the descending colon and rectum. Occasionally the inhibitory effect is 
less marked than the motor. Whether peristalsis or inhibition of the 
intestine is produced, the vaso-constrictor action is great. : 

The hypogastric nerves, The lower end of the hypogastric nerves— 
the sacral spinal cord being removed—causes inhibition and pallor of 
the rectum and adjoining part of the descending colon. There is 
usually a brief preliminary contraction ; during this, the contraction of 
the longitudinal coat is perfectly distinct, sometimes indeed it is more 


distinct than that of the circular coat. A similar contraction may occur 


without inhibition. The hypogastric nerves appear sometimes to cause 


- slight contraction of the internal sphincter of the anus and pallor of the 


mucous membrane, but we have never seen any very marked effect. 
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They may however cause obvious dilation of the internal sphincter, but 
we have only seen this twice. 

With regard to most of the effects of the hypogastric nerves, the 
possibility of a reflex by sacral fibres from the ganglia of the pelvic 
plexus must be borne in mind. 

One other effect is produced by the hypogastrics, namely, the slight 
curling inwards of the anal skin spoken of on p. 78. It causes, so far 
as we have seen, neither contraction nor inhibition of the unstriated 
_ muscles of the skin overlying the end of the rectum. 


We have no satisfactory evidence that the hypogastric nerves have motor 
fibres for the recto-coccygeal muscle. On stimulating the peripheral ends of 
these nerves, we have only three times out of many experiments observed a 
distinct downward movement of the rectum. In one of these, the hypogastrics 
and their connections with the spinal cord, were uncut; so that the contrac- 
tion was probably a reflex one. In the other two, there was no possibility of 
a reflex from the spinal cord, but in one, the nerves were stimulated at about 
the point where they separate, and the contraction may have been due to an 
escape of current to the pelvic plexus, or to a reflex from the ganglia of the 
plexus. 


Fibres descending the sympathetic. In order to determine whether 
any fibres for the lower part of the intestine continue on in the sympa- 
thetic chain to the sacral region, we cut the chain just below the 6th 
lumbar ganglion, isolate it up to the 7th ganglion, and stimulate the 
isolated portion. We have made about ten such experiments. In most 
cases there was no certain effect produced on either the movement or 
tint of the descending colon, rectum, or internal anal sphincter. But in 
one or two cases there was pallor of the mucous membrane of the end 
of the rectum and very slight constriction of the internal sphincter. 
We conclude that extremely few fibres pass to the end of the intestine 
by way of the sacral sympathetic. 

The nerve fibres to the skin muscles, on the other hand, take the 
sympathetic course: stimulation of the sympathetic chain causes the 
skin covering the lower part of the rectum to move anteriorly and 
ventrally (cp. p. 77). | 


Peripheral Fibres of Upper Set in the Cat. 


The general course of the nerve fibres is the same as in the rabbit, 
and there are one or two points only that need be mentioned. -Stimula-— 
tion of the inferior mesenteric ganglion and of its branches often gives 
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but slight and inconstant effects upon the descending colon and rectum. 
The most constant effect is contraction of the blood vessels. 

Contraction of the sphincter ani internus and pallor of the mucous 
membrane of the end of the rectum is always produced by stimulation 
of the peripheral end of either hypogastric nerve. Some fibres pass to 
the internal sphincter by the lumbar colonic nerves’. The hypogastric 
causes also some contraction of the rectum above the internal sphincter ; 
but this effect is much less and more tardy than that on the sphincter 
itself. 


We have only once noticed distinct contraction of the recto-coccygeal 
muscle on stimulating the peripheral end of the hypogastric nerve, the nervus 
erigens being cut. Of the cause of this we are uncertain. 


As in the rabbit, a few but only a few lumbar fibres run to the lower 
part of the rectum and the internal anal sphincter by way of the sacral 
sympathetic. We have experimented by two methods. In the first 
method, we cut the sympathetic branches to the inferior mesenteric 
ganglion and then stimulated the lumbar nerves. Three such experi- 
ments were made, In one, the lumbar nerves had no effect on the 
internal sphincter, in another, the 3rd lumbar nerve caused a slight 
contraction, in the third the 3rd, 4th and 5th lumbar nerves caused 
slight contraction and pallor. These experiments of course only show 
that there are fibres which run to the end of the rectum without 
traversing the inferior mesenteric ganglion. In the second method, we 
stimulated the cut sympathetic just above the 7th lumbar ganglion ; in 
most cases there was no obvious effect on the internal sphincter, but in 
some cases there was distinct pallor of the mucous membrane of the end 
of the rectum, slow contraction of the rectum, which spread downwards 
and involved the internal sphincter. The action on the internal 
sphincter was but slight; contrasting very strikingly with that of the 
hypogastric nerves. | 

The lumbar fibres which cause contraction of the unstriated muscles 
in the hairy skin all take so far as we have seen the sacral sympathetic 
course. Stimulation of the sympathetic just above the 7th lumbar 
ganglion causes slight contraction and pallor of the hairless skin, and 
slight constriction of the anal orifice. The movement appears to be 
produced partly by the internal sphincter, and partly by more superficial 
unstriated fibres. 


: Cp. Langley and Anderson, This Journal, xvi. 417. 1894. 
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Peripheral Fibres of Lower Set in the Rabbit. 


Stimulation of the pelvic nerves gives the effects on the descending 
colon and rectum which have already been described for the sacral 
nerves (p. 85). The contraction is in most cases strongest in the 
rectum and lower part of the colon, and weaker the farther above this 
it extends, but in favourable circumstances it is strong throughout. 
With a weak stimulus, the contraction is peristaltic, beginning above 
and passing downwards, with a strong stimulus and especially after some 
exposure, the contraction is tonic; further the tonic contraction may be 
local, and peristaltic waves start from it in either direction. Sometimes 
the contraction of the circular coat is weak with the earlier stimuli, and 
increases in strength with the later ones. , 

Of the main divisions of the pelvic nerve, the anterior contains 
most of the motor fibres for the descending colon. Stimulation 
of the branches of this, as they run through the pelvic plexus, 
may cause inhibition of the lower part of the colon after a preliminary 
contraction. The inhibition is we think due to nerve fibres which have 
joined the plexus from the hypogastric nerve. 

A part of the anterior division of the pelvic nerve joins the descend- 

ing portion of the hypogastric ; and near the junction, two or more nerve 
"strands are given off to the colon. These nerve strands—the sacral 
colonic nerves—contain most of the sacral fibres running to the descend- 
ing colon. Stimulation of them generally causes strong contraction 
either of the whole, or of the lower part of the descending colon. The 
- contraction is often more marked after repeated stimulation. 

Probably there are also some motor fibres of sacral origin in the 
hypogastric nerves, for if these nerves be cut, the connexions of the 
inferior mesenteric ganglia with the sympathetic chain severed, and the 
end of the hypogastrics connected with the ganglia be stimulated, 
contraction is obtained of the part of the colon opposite the inferior 
mesenteric artery and it may be of the part above the artery. The 
contraction may in part be due to a reflex from the inferior mesenteric 
ganglion. Stimulation of the central end of the hypogastric nerves 
causes also inhibition and pallor of the colon; this usually follows 
quickly on its contraction. The inhibition, so far as our experiments 
go, is a more marked effect than the pallor. Since we have not obtained 
- satisfactory evidence of the presence of intestino-inhibitory or of vaso- 
constrictor fibres in the sacral nerves, the inhibition and pallor produced 
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by the central end of the hypogastric nerves must we think be attri- 
buted to a reflex involving descending lumbar fibres, the inferior 
mesenteric ganglia, and the lumbar colonic nerves. 

The nerve fibres for the rectum and for the recto-coccygeal muscle 
run chiefly but not entirely in the posterior division of the pelvic 
nerve. 

The pelvic nerve on stimulation produces also in most cases dilation 
of the internal sphincter of the anus, some flushing of the neighbouring 
mucous membrane, and inhibition of the unstriated muscles of the skin. 
Occasionally we have failed to observe these effects, probably in conse- 
quence of a greater exposure of the contents of the pelvic basin. The 
fact that the pelvic nerve supplies the skin muscles is worthy of special 
notice. 

On the question of. the presence in the pelvic nerve of vaso-dilator 
fibres for the descending colon and upper part of the rectum, it is 
sufficient to refer to what we said on the matter in speaking of the 
functions of the sacral nerves (p. 88). 

It is well known that the pudic nerve in man and other animals 
contains the sacral nerve fibres for the external anal sphincter. In the 
rabbit the fibres run, chiefly at any rate, in the superficial genito-anal 
nerve; this nerve, near the sphincter, gives off three or four branches, 
each of which is capable of causing strong closure of the anus. __ 

The superficial genito-anal nerve contains also constrictor nerve 
fibres for the skin muscles and causes slight constriction of the anal 
orifice. These fibres arise from the lumbar nerves, run down the 
sympathetic chain to the sacral ganglia, pass by wie grey rami to the 
sacral nerves and so to the genito-anal. 


Peripheral Fibres of the Lower Set in the Cat. 


- These may be dealt with briefly. The pelvic nerve (nervus erigens) 


produces the visceral effects described above (p. 92) for the sacral 
nerves, with the exception of contraction of the skin muscles. The 
motor fibres for the descending colon do not run upwards in the 


-Iesentery, as to a large extent they do in the rabbit, but run close to 


the colon itself. On stimulating the pelvic nerve on one side, there 
may be considerable deepening of the ischio-rectal fossa on that side, 


~ and unilateral retraction of the anus. The contraction of the skin 


muscles is produced by the pudic nerve and in consequence of fibres 
which it receives from the sympathetic by way of the grey rami, The 
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pudic nerve, so far as we have seen, receives no visceral fibres direct 
from the anterior roots of the sacral nerves, aon it may receive some 
by way of the pelvic plexus. 


NoTEs ON THE ARRANGEMENT IN THE Doc. 


We have made eleven experiments on the dog. The general results 
are the same as those obtained in the cat, but in most cases they are 
less clear. The upper set of nerves have as a rule a slight effect only 
on the descending colon and rectum. They usually cause some pallor, 
they may cause a slow contraction, so that the intestine becomes 
ringed ; apparently, also, they may cause some inhibition, but this was 
difficult to determine, on account of the normal quiescence of the 
intestine. When they are stimulated immediately after the sacral 
nerves; there may be a quickening in the upward movement of the 
rectum ; such as would be produced by inhibition of its longitudinal 
muscles; an inhibition which has been described by Fellner. The 
upper set of nerves caused distinct contraction of the internal anal 
sphincter, and of the unstriated muscles of the circum-anal skin; 
the fibres for the former passing almost entirely by the inferior 
mesenteric ganglia, the fibres for the latter descending the sympathetic 
trunk, and running by way of the grey rami to the sacral nerves, and so 
to the pudic nerves. 

The lower set of nerves have also but a slight effect except on the 
recto-coccygeal muscle, and the longitudinal muscles of the rectum. 
We do not feel quite convinced that the sacral nerves cause contraction 
of the circular coat. We have, it is true, seen strong, though slow 
peristalsis, on protracted stimulation of the pelvic nerve, and in one 
experiment, after injecting into the jugular 40 mgms. of atropin, 
protracted stimulation of the 2nd and 3rd sacral nerves led to similar 
peristalsis with very slight longitudinal contraction. It does not, 
however, seem out of the range of possibility that the peristalsis should 
have been due to some other cause than the nerve stimulation. : 

We have made three experiments (Nos. 2, 4 and 5) on the origin of 
the nerves which supply the lower end of the intestine in the dog. 
The results are given in the following Table. Several nerves produced 
the same effects in all three experiments, the separate experiments are 
only mentioned when the results were different. It will be noticed 
that the results though they resemble those obtained in the cat, 
are not identical with them. 
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Origin in the Dog of Nerves to the End of the Intestine. 


Descending Colon and Rectum Internal Anal Sphincter 
IV Lumbar 0 Usuall or, other effects Contr. and pallor 
| t and variable 
0 0 
0 0 0 
0 0 
I Sacral Strong contr. | No. 2—? Slight long. contr. 0 
No. 4; No. 5—0 
| Strong contr. No. 2—Slight contr. then 
No. 5. IL >I || Strong long. contr. dilation 
|} No. IH No. 4—Dil. and flushing 
,, 0 muc, memb. III >II 
| No. 5—?0 
I Coccygeal No. 2—0 No. 2, No. 5—0 
No. 4, No. 5—Slight long.) No. 4—Good dil. and flush- 
contr. ing 


Arrangement of lumbo-sacral nerves. No. 2. Anterior to Median; No. 4. Median. 
I S. sends rather larger strand to sciatic than does VI L.; No. 5. Posterior; VII L. sends 
a strand to the obturator nerve; the lst lumbar vertebra has a rib attached to it; if this 
be counted as the 13th thoracic vertebra, there are only six lumbar. 


CONCLUSIONS. 


In rabbits, as in cats, there are a number of anatomical variations 


in the origin of the lumbo-sacral nerves. The variations are of such — 


a nature that in a consecutive series of nerve roots a certain number 
may pass out in either of two adjoining nerves. The greater the 
number which pass out by the upper nerve the more anterior is the 
origin of the nerve-fibres which supply any particular region of the 
body. Ordinarily all the lumbar and sacral nerves vary simultaneously, 
in the same direction, and approximately in the same proportion. We 
classify the variations in the origins of the nerves, discerned anatomi- 
‘cally, as anterior, median, or posterior, with certain sub-classes. The 
anterior class of the rabbit corresponds very nearly with posterior 
(a) of the cat, ie. with one which in the cat is not much below the 
median class, 

The origin from the cord of the visceral nerves, determined by 
physiological methods, varies in the cases to which we have given most 
attention, in correspondence with the anatomical differences. 

In the rabbit, cat, and dog, the descending colon, the rectum, the 
internal anal sphincter, and the skin in the neighbourhood of the anus, 
receive nerve fibres from about six spinal nerves. This series of 
spinal nerves is interrupted a little below its mid-point by nerves 
which are approximately the central ones of those which supply the 
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hind limb. The nerves intercalated in this series are usually three, and 
may be four in number. 

In the rabbit, the nerves of the series are the 2nd, 3rd, 4th, 5th 
lumbar, the 3rd and 4th sacral nerves, and, as a rule, either the 2nd 
sacral or the 1st coccygeal nerve. | 

In the cat the nerves of the series are the 2nd, 3rd, 4th lumbar, 
the 2nd and 3rd sacral nerves, and as a rule either the 5th lumbar or 
the Ist sacral. 

In both rabbit and cat, the Ist lumbar and even the 13th thoracic 
may send a few fibres to the end of the intestine. 

In the dog the origin of the lumbar nerves is slightly more anterior, 
and that of the sacral nerves slightly more posterior, than in the cat.. 

The several organs do not react with equal ease and distinctness on 
stimulating a given spinal nerve; so that an accurate Table of the 
effectiveness of the several nerves on all the tissues cannot be drawn 
up. But if it is understood that the terms ‘slight,’ ‘ moderate,’ ‘ good’ 
are only relative terms for each tissue, we may sum up the results of 
our experiments as follows. 


Comparative effectiveness of the Lwmbo-sacral Nerves on the Descending 
Colon, Rectum, Internal Anal Sphincter and adjoining skin. 


‘Rabbit Cat 
A 
Anterior Posterior Anterior Posterior 
II Slight Slight Moderate Slight 
III Good Moderate Maximum Moderate 
IV Good Maximum Moderate Maximum 
V Moderate Good 0 Moderate 
VI 0 0 
VII 0 0 0 0 
I 0 0 Sl. to Mod. 0 
It Mod. to Good 0 Maximum Good 
III Maximum Good Moderate Good 
IV Mod. to Sl. Maximum {1 0 ? Slight or 0 
I 0 Slight nu 0 0 
Origin of Nerves to External Anal Sphincter. . 
Rabbit Cat 
I 0 0 Maximum | Good 
II Maximum Good Good Maximum 
III Good Maximum 0 10 
IV 0 Sligh | 0. 0 
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We have so far spoken of the degree and not of the nature of the 
effect produced. 

The lumbar nerves cause, both in rabbit and cat, good pallor of the 
descending colon and rectum, including the mucous membrane of the 
internal sphincter, We have found no evidence of the existence in 
them of vaso-dilator fibres. They cause in the rabbit, good inhibition 
of both coats of the descending colon and rectum, and rather weak 
dilation of the internal anal sphincter; they also cause at times 
moderate contraction of both coats of the descending colon and rectum, 
and very slight contraction of the internal sphincter. In the cat, 
inhibition and contraction of the descending colon and rectum are 
often of doubtful occurrence, but there is strong contraction of the 
internal anal sphincter. Lastly, the lumbar nerves cause both in 
rabbit and cat contraction of the unstriated muscle fibres, and 
constriction of the vessels, of the skin near the anus. 

The sacral nerves cause in the rabbit contraction of both coats of 
the descending colon and rectum and especially of the circular coat, 
dilation of the internal sphincter and good after-contraction; in the 
cat the similar effects are variable and comparatively slight. They 
cause both in rabbit and cat, flushing of the mucous membrane of the 
end of the rectum; above this region their vascular action, if any, is 
slight. Both in rabbit and cat, the sacral nerves cause inhibition of 
the skin muscles; contraction of these skin muscles is at times also — 
produced, but probably in consequence of the stimulus affecting fibres 
coming to the sacral nerves from the sympathetic. 

it is well known that the sacral nerves cause strong contraction of 
the recto-coccygeal and other longitudinal muscles of the rectum. 
These muscles differ from the rest of the musculature of the intestine 


in that the action of the sacral nerves on them is prevented by atropin. 


The consideration of most of the pelvic viscera necessarily involves 
some reference to the theory of v. Basch,—supported by Fellner, 
Ehrmann and others,—that when an organ has a longitudinal and a 
circular muscular coat, and there is a double nerve supply, one nerve 
sends motor fibres to the longitudinal coat and inhibitory fibres to the 
circular coat, whilst the other nerve sends motor fibres to the circular 
coat and inhibitory fibres to the longitudinal coat. 

We do not wish to assert that this theory applies in no case, 
but most certainly it is not one of general application. According 
to this theory, the descending colon of the rabbit should receive from 


_ the lumbar nerves, no inhibitory fibres for its longitudinal coat; and 
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from the sacral nerves, no motor fibres for its-circular coat. In fact, 

when due care is taken, inhibition of the longitudinal coat is produced 

_ by the lumbar nerves with undeniable distinctness; and the contraction 

‘ f the circular coat produced by the sacral nerves is, at its best, one of 

the most striking visceral actions that can be brought about by 

_ stimulating any nerve in the body. At the same time, we must state 

that our experiments do not disprove the statements of Fellner with 

4 regard to the innervation of the rectum in the dog; they only suggest 
that further observations are desirable. 

The lumbar visceral nerves follow two paths. Part run in the 
sympathetic trunk for a variable distance, and then stream out in the 
f ; mesentery ; these—or at any rate the great majority of them—go to 
a the inferior mesenteric ganglia and so by the colonic and hypogastric 

nerves. They supply the descending colon, rectum, and internal 
sphincter. And part courses on in the sympathetic trunk to the sacral 
i sympathetic ganglia, and so by the grey rami of the ganglia to the 
sacral nerves; in these they follow the somatic ‘branches of the sacral 
nerves, and end chiefly in the skin. 

The visceral fibres of the sacral nerves run in the pelvic nerve 
(nervi erigentes), The visceral fibres which the homologues of the 
pudic nerves contain come, we think, from the sympathetic system, or 
from the pelvic plexus; this point we shall discuss in Part IT. 
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ON THE ABSORPTION OF SALT SOLUTIONS FROM 
THE PLEURAL CAVITIES. By J: B. LEATHES, MB. 
(Ozon.), FR.CS., anD ERNEST H. STARLING. 


(From the Physiological Laboratory, Guy's Hospital.) 


IN @ paper communicated to Vol. xvi. of the Journal of Physiology, 
“Qn Absorption from and Secretion into. the Pleural Cavity,” it was 
shown that coloured fluids were absorbed by the blood vessels. very 
much more rapidly than by the lymphatics. How far this process was 
physiological, how far purely physical, how far, that is, the absorption was 
due to forces developed by the activity of the endothelial cells lining 
the serous membrane, or:forming the walls of the capillaries in the | 
membrane, and how far it could be explained by simple osmosis, was 


_ not determined. There was however some evidence to show that, with 


certain solutions, an active absorption may take place. To settle the 
question, we have undertaken a series of experiments—the subject of 
this paper. 

A precisely similar question, with regard to the part played by the 
epithelium of the intestine in the absorption of salt solutions from the 
bowel, had in the interval been discussed in a paper published in 
Pfliiger’s Archiv (Vol. v1), by Prof. Heidenhain, and this already 
classical work furnished us with a model for our research. This author | 
introduced salt solutions of known strength, which was different in 
different experiments, into a loop of intestine shut off from the rest of 
the intestinal canal by ligatures. After a certain time the loop was 
opened again and the fluid collected and analysed. Experimenting 
upon a number of dogs in this way, he found that, while the effects of . 


- osmosis could always be recognized and identified, there were certain 


results which could not be referred to osmosis alone, but were evidence 
of the existence of some force modifying the action of osmosis. Thus, 


in, the first place, fluids having the same freezing point and therefore — 


the same osmotic pressure as the serum of the animal experimented 
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upon (such fluids, for instance, as 1°/, sodium chloride solution, or 


serum obtained from another dég), rapidly diminished in volume. 


Again, fluids with a considerably higher osmotic pressure than the 
serum also diminished in volume; this was the case even with 2°, 


sodium chloride solution, the osmotic pressure of’ which is about double 
that of the serum. And lastly he found that, when he used.a solution 
containing less than 1°/, of sodium chloride, and therefore of lower 


osmotic pressure than the ‘serum, some’ of-tlie salt. was absorbed. 


_The force which causes absorption under these three conditions is 
clearly something more than osmosis, and ‘that it originates in the vital 
properties of the intestinal epithelium, Prof. Heidenhain argues, is 
rendered probable by the fact that, on exposing the intestine to the 
action of sodium fluoride—a poison which destroys the vitality of the 
intestinal epithelium—salt solutions are absorbed by osmosis, and by 
osmosis alone; and therefore none of the water is taken up from 
hypertonic or isotonic solutions, and none of the salt from hypotonic 
solutions. By means of these control experiments, Prof. Heidenhain 
is justified in concluding that the forces, by which absorption of salt 
solutions from the intestine is brought about, are twofold: one depend- 
ing upon differences of osmotic pressure, the other upon the life of the 
epithelium. The work which this latter ‘physiological’ force is capable 
of doing can be measured by balancing it against osmotic pressure. 

It was evidently possible to unravel the problem before us on — 
precisely these lines. The details of the experiments that we have 
carried out will show how closely we have followed Prof. Heid enhain’s 


‘method. 


_ Method. We have experimented on dogs weighing from 4 to 8 
kilos. Morphia was injected an hour or two beforehand. A. C. E. 
mixture was used to maintain angsthesia. From 60 to 100c.¢., of 
different solutions, warmed to the body temperature, were introduced 
into the pleural cavity by means of an exploring needle attached to a 
burette. At the end of periods varying from half-an-hour to two hours, 
blood was drawn off from the femoral artery, The dog was then killed, 
the chest opened and the fluid removed by means of a pipette. We 


- found that, in this way, practically the whole amount of fluid present 
in the chest can be removed, the loss being less than lec. The 


osmotic pressures of the fluid put in, of the fluid recovered, and of the 
blood-serum separated by the centrifugal machine, wore determined by 
taking the freezing points with Beckmann’s apparatus. The solutions 
used by us were mostly solutions of sodium chloride—in a few cases, of 
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_ sodium sulphate and of magnesium sulphate, and in others, sodium 


fluoride was added to sodium chloride. 


The solutions were prepared by weighing out recrystallized dried — 


salts, but were also estimated by the methods employed for estimating 
the salts in the fluids recovered from the chest at the end of the 
experiment. In estimating sodium chloride, we employed Volhardt’s 
method: 20 c.c. of the fluid were dried in the oven, after the addition 
of some bicarbonate of soda; the solid residue was heated to a dull red 
heat to char the organic matter present, and then extracted with nitric 
acid, and the ‘extract titrated with silver nitrate and sulphocyanide of 
potassium, The chlorides in the serum were estimated in the same 

way. Sodium sulphate was estimated gravimetrically as barium 


sulphate; magnesium sulphate as magnesium pyrophosphate, by pre- 


cipitation with sodium phosphate and igniting. 
Proceeding to the examination of our results, we may at the cuteet 


clear the ground by saying that we find no evidence of any such marked 


cell-activity i in the case of the pleural cavity as Prof. Heidenhain 
finds in the intestine. 


Injection of hypertonic solutions. (v. Table 1.) Whereas in “et 


intestine a 2°/, NaCl solution is absorbed, we have in nine experiments 
with hypertonic solutions only once found any absorption to take place, 


I. 
Hypertonic Solutions of Sodiwm Chloride. 


‘Injected Recovered Absorbed Serum 

pals 3 
a 

1 30/60 12 61 93 —~ 1 168 
19 30° | 80 1:22 8 103 66 |— 5 ‘10 | 60 ‘68 
20 30°; 60 15 91) 64 121 -785 4 +13 | 61 #72 
30°; 80 » | 1902 —17. 21 ‘63 
2180, » | 95 88 |~15 37 | 595 74 
84 —10 +44 
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and that was when we had injected a comparatively weak solution, 
—1-2°/, NaCl, and had left it in the pleural cavity for a comparatively 


long time, 2 hours, and even in this case only 3 cc. were absorbed. In 
every other instance the volume of fluid recovered was greater than 
that of the fluid injected. The action of osmosis is practically un- 


‘opposed. 


Injection of hypotonic solutions. (v. Table II.) So, too, is it in the 
experiments with hypotonic solutions; in accordance with simple 


osmosis the volume of fluid in every case is diminished. One striking 


fact will be observed in the figures given in Table IL., that the rate of 
absorption in the half-hour experiments is very rapid compared with 
that in the two-hour experiments. In the former, the average amount 


Taste IT. | 
Hypotonic Solutions of Sodiwm Chloride. ‘5°/,. A=-34. 
Injected Recovered Absorbed Serum . 
rf 
6 30 |80 | 44 72 316 36 -44 ‘615 ‘63 
7 | 50 | 34-69 234 16 016 ‘61 °63 
16 » | 80 “4 | 48 71 339 -53 | $2 061 -4 ‘57 66 
18 » | 80 | 56 635 355 | 24 045 +275 64 
2° | 80 |40 75 3 40 5 ‘675-65 
9 » | 60 3 |} 28 69 -193 32 565 61 
21 | |80 4 | 44-71 60/36 09 -45 62 67 


absorbed is ‘89 of the total amount injected, in the latter, it is only 


‘49; so that the extra 14 hours has led to the absorption of only an 
additional ‘1 of the original amount of fluid, not more, that is to say, 
than 8c.c., which corresponds to a rate of 5c.c.an hour. An explana- 


_ tion of this is given by the fact that, by the end of half-an-hour, osmotic 
equilibrium has been almost established (in Nos. 16 and 18 about 
four-fifths of the difference between the osmotic pressures of the 


injected solution of the serum have been cancelled). Therefore.we may 
suppose that, in the two-hour experiments after the first half-hour, the 
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same conditions had been brought about and so osmotic absorption had — 
really come to an end. From these experiments it is clear therefore 
that absorption is rapid, so long as it is determined by osmosis, and 
after that, the rate sinks to about 5 c.c. an hour. 

Injection of isotonic solutions. (v. Table III.) Now turning to 
Table III, in which are given the results of experiments with an 
isotonic fluid, we see that absorption in this case also takes place, but 
that it is slow, that the rate is the same in the half-hour as in the 
two-hour experiments, and that the rate is the same as we found for 
‘5°/, solutions after the establishment of osmotic equilibrium. This 
absorption of isotonic fluid, which occurs at a fairly uniform rate 
therefore in all our experiments, is the first possible a of any 
cell-activity that we have come across. | 


III. 
Isotonic Solutions. 1°/, NaCl=A= ‘61. 
Injected | — Recovered Absorbed Serum 
| 
12 30'| 100 1:0 | 96 -963 -924 4 -076 61 
17 30'| 80 ‘8| 78 915 -714 -595| 2 -086 ‘595 °7 
14 | 80 8|70 8 10 60 


But even in this case it is at least possible that the absorption may 
be effected by the lymphatics, by some such mechanism as that de- 
scribed by Dybkowsky*. In an experiment not included in Table 


1 Ludwig’s Arbeiten, 1866, p. 191. The conclusions here arrived at are that, with 
each inspiration, the intercostal subpleural lymphatic network is opened out and filled 
with fluid from the pleural cavity; the forces effecting this being the elasticity of the lung 
on the one side and the tightening of the intercostal fascia by the inspiratory movements 
on the other. With each expiration the intercostal fascia is relaxed and bulges inwards, — 
the capacity of the subpleural lymphatic network is diminished and its contents are emptied 
into the efferent lymphatic vessels. This pumping action varies with the vigour of the 
inspiratory movements and the elastic force exerted by the lung. There is no evidence of 
absorption by the visceral or mediastinal pleural, and the subpleural lymphatic network is 
wanting over the ribs. 
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III, we found that 100c.c. of 1°/, NaCl solution had entirely dis- 
appeared from the pleural cavity after 20 hours. Absorption at the 
rate of 5c.c. an hour would be sufficient to account for this. We 
repeated this experiment, after ligaturing the thoracic duct and the 
lymphatic duct on the right side of the neck, and found that the fluid 
had disappeared in this case also. Even here however the possibility 
of its having been taken by the lymphatics is not excluded. It is true 
that, if the thoracic duct be ligatured at the same time as the bile- 
duct, no staining of the tissues with bile takes place. But this only 
proves that the lymphatic vessels of moderate calibre, such as those 
leading from the liver, do not allow filtration of the bile out into the 
tissues. But the lymph capillaries, which they drain, are a distinct 
and isolated system shut up in the liver and almost completely invested 
by the capsule of the liver, whereas the subpleural lymphatic capillaries 
form a network continuous with those of the mediastinum, the neck, 
and the subperitoneal connective tissue; and there is nothing to 
prevent fluid, which is sucked up out of the pleural cavity into the 
subpleural lymphatic network, from distributing itself far and wide, 
when the ordinary outlet by the lymphatic ducts is closed, much as 
emphysema spreads in the subcutaneous tissue all over the body. 
Moreover, in the animal, whose lymphatic ducts we tied, there was 
visible infiltration of the posterior mediastinum, especially at the lower 
part and between the pillars of the diaphragm. In a control experi- 
ment, in which both thoracic ducts were tied, without the injection of 


TaBLe IV. 
Effect of Sodium Fluoride. 


a Injected Recovered Absorbed Serum 

a 
13 2° | 60 -952 68 50 -727 10-21 61 
22 2° | 80 39 -075 -315)| 40 61 | 40 585 
24 2° | 80 2 2 33 | 42 66 61 | 38 -°11 | 60 °645 
11 30’ | 80 ‘5 1 -395| 60 ‘63 +605; 20 ‘022 | 60 ‘60 
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any fluid into the pleura, and the animal killed the following day, no 
such infiltration of mediastinal tissues was observed. 

On the supposition however that the cells of the pleura and its 
capillaries had something to do with this slow removal of isotonic 
solutions, we tried the effect of adding to our solutions sodium fluoride, 
upon which Heidenhain relied for control proof of the work done by 
the epithelium. In Table IV. we give the results of experiments in 
which we made use of this salt. 

In No, 13 the fluid we injected was slightly hypertonic (A =°68), 
but so far from there being any sign of arrest of an active absorption, 
the same amount was absorbed as we have shown is usual with isotonic 
solutions, viz., 5 c.c.an hour. In No, 11, the addition of ‘1 °/, NaCl to 
the °5°/, solution of sodium chloride lowers its freezing point from 
— ‘34° to — ‘395°. In this case, of the 80 cc. fluid injected, 60 c.c. 
were recovered at the end of half-an-hour. If the sodium fluoride had 
not been added we should have expected to recover 50 cc. It is 
evident therefore that the retarding effect of the sodium fluoride on the 
absorption is due to the fact that the addition of this salt caused a rise 
of total osmotic pressure of the fluid injected. In Nos, 22 and 24, we 
tried to arrange the proportion of the two salts so as to make the 
osmotic pressure correspond to that of *5°/, NaCl solution. We were 
most successful in No. 24 (A of the solution used = ‘33, A of ‘5°/, NaCl 
= 34), and the amount of fluid absorbed was 38 c.c., the mean between 
40 and 36 cc., which were the amounts absorbed in the same time 
from the same volume of 5°/, NaCl solution (cp. Nos. 8 and 21 in 
Table II.). In No. 22, rather more fluid was absorbed (40 c.c.), but 
this only corresponds to a rather lower osmotic pressure. (A =°‘315.) 

The correspondence here is so close that we can but infer either 
that the cells do not take any part at all in the absorption of the 
fluid, or that, if they do, sodium fluoride has no effect upon them. If 
the latter is the case, it is remarkable, because we used in No. 24 five 
times the strength of sodium fluoride solution that Prof. Heidenhain 
found sufficient for establishing his control, and the pleura was covered - 
with ecchymoses. 

Although therefore we have not succeeded in proving that the slow 
absorption, which is not accounted for by osmosis, is effected by the 
lymphatics, these experiments with sodium fluoride show that the 
absorption cannot be ascribed to active intervention of the cells of the 
pleural endothelium, and that we must therefore look rather for some 
mechanical explanation. 
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So far we have confined our attention to the disappearance of the 
_ water. If we consider now the conditions determining the absorption 
of the dissolved salt, we find nothing in the experiments recorded in 
Tables I. and IIL, which would point to an active absorption, since in 
these the amount of salt absorbed seems to be determined entirely by 
the partial pressure of the salt in the fluid relatively to that in the 
serum. In Table II., however, experiments are given in which salt was 
absorbed from a solution which contained less of this salt than did the 
blood-plasma. How is this absorption to be explained ? 

The Significance of the Absorption of Salt from hypotonic Solutions. 

Great stress is laid both by Heidenhain and by his pupil Orlow, 
on the fact that, in the peritoneal cavity as well as from the intestine, 
salt may be taken up from fluids containing a smaller percentage of 
this substance than does blood-plasma, and they regard this absorption 
as pointing indubitably to an active intervention of living cells in the 

This argument requires examination. 

The physical conditions in our experiments are these: ‘5°/, NaCl 
solution (A=—‘34) is separated by living membranes from blood- 
plasma containing from ‘61 to ‘67°/, NaCl, and, in addition to this, 
other soluble matter, giving a total osmotic pressure equivalent to that 
of a 1°/, salt solution (A=—°61). We have seen how these osmotic 
conditions determine a rapid passaye of water from the pleural cavity 
into the blood. Ifthe membrane separating the circulating blood from | 
the pleural cavities were perfectly ‘semi-permeable,’ i.e., permeable to 
water, but impermeable to dissolved salts, it is evident that the passage 
of water through the membrane would be regulated solely by the 
differences between the total osmotic pressures on each side. Water 
would pass from the pleural fluid into the blood, until the osmotic 
pressure of the remaining pleural fluid was exactly equal to that of the 
blood, ie. 1°/, NaCl. But, since the membrane is impermeable to salts, 
this equalisation of osmotic pressures must be effected simply and 
solely by the passage of water, so that, at the end of the experiment, 
the pleural fluid would contain 1°/, sodium chloride while the sur- 
rounding blood-plasma would still possess its normal amount—‘6 to 
‘7°/, NaCl, together with other salts bringing its osmotic pressure up to 
that of 1°/, NaCl solution. | 
__ If, on the other hand, the membrane were permeable to salt as well 
us to water, the course of events would be as follows. At first water 
would pass out of the pleura, and salt would diffuse in, until the 
percentage of NaCl in the fluid was soa to that in. the blood-plasma. 
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There would now be an equal partial pressure of NaCl on the two sides 
of the pleural membrane, but the total osmotic pressure of the blood- 
plasma would still be higher than that of the pleural fluid. Water would 
still continue to be absorbed by the blood-vessels. As soon, however, 
as more water passed out from the pleural cavity, the percentage of salt 
in the fluid left would be raised above that in the blood, and salt would 
immediately pass over into the vessels, and this would go on until time 
had been given for enough of the other soluble matter affecting the 
osmotic pressure of the blood to pass from the vessels into the 
pleural sac. Osmotic equilibrium would. be then established: salt, 
as well as water would have been absorbed, and at no time would the 
percentage of sodium chloride in the pleural fluid have been perceptibly 
higher than that in the blood-plasma. | 

This absorption of salt from hypotonic solutions is well illustrated 
by the following experiment: 125 c.c. of ‘5°/, NaCl solution were put 
in a parchment paper dialyser and suspended in a fluid containing ‘5 °/, 
NaCl with 10°/, KNO,. The next morning the fluid in the dialyser was 
found to have diminished to 75 c.c. The percentage of salt however 
in the remaining fluid was the same as at the beginning of the 
experiment, i.e. ‘5°/,, showing that salt, as well as water, had passed 
from the dialyser into the outer fluid. 

It is evident then that neither the raising of the per- 
centage of a salt in any fluid above that of the same salt in 
the plasma, nor the passage of a salt from a hypotonic fluid 
into the blood-plasma, can afford in itself any proof of an 
active intervention of cells in the process. 

In the case of the pleura, we seem to have a membrane which is 
very imperfectly semipermeable. It is permeable to salts, but presents 
rather more resistance to their passage than to the passage of water. 
Hence, on injecting ‘5°/, NaCl solution into the pleural cavity, water 
passes from the pleural fluid into the blood, until the percentage of | 
sodium chloride in the fluid is raised. perceptibly above that in the 
blood-plasma. The limit of the resistance of the pleural membrane 
to the passage of salt is however soon reached, and then salt passes 
from pleural fluid into blood; but in every case this passage is from a 
region of higher to a region of lower partial pressure. Hence at the 
end of the experiment, we find a bigher percentage of salt in the pleura 
than in the blood vessels, although the total amount of. salt in the 
pleural fluid is less than that originally put in, or, in other words, salt 
has been absorbed. | 
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That this course of reasoning is correct is shown by the results 
given in Tuble II. and also those of two experiments given in Table V. 
(Nos. 23 and 26). In these two experiments the percentage of ‘salt in 
the fluid introduced was so arranged as to be already slightly higher 
than that in the serum. At the end of the experiments, the fluid, 
which originally contained ‘75°/, NaCl, as against 68 and ‘73°/, NaCl 
in the serum, was found, after half-an-hour to contain ‘82 and ‘85°/, 
NaCl; water had been absorbed and some of the salt. 


Taste V. 


‘75 °/, solutions of Sodium Chloride at different Temperatures. 


Injected Recovered | Absorbed | Serum 

23 7:7 30'| 80 40° -75 -47 | 65 -82 575115 07 | -61 685 

26 5 30'| 80 40° -75 -47 | 50 85 | 30 | -605 -73 

34 6 30'| 80 75° -75 -47 | 64 -86 16 05 67 

35 75 5° | 80 88° -75 -47 | 38 -715°62 | 42 -37 | 61 -69 


Our attempts to alter the permeability of the pleural wall have 
given only negative results. Thus in Nos. 34 and 35 (Table V.) we 
tried to alter the conditions by scalding the pleura and introduced 
the fluid at a temperature of about 80°C.; and although, on opening 
the chest, we found that the membrane looked opaque and otherwise 
damaged, there was no evidence that we had altered the course of the 
absorption in any way. In Exp. No. 34, the amount of fluid introduced 
and the’ duration of the experiment were the same as in the Exps. 
23 and 26, in which the fluid was introduced at the body-temperature. 
It will be seen however that the results are practically identical. 

Further attempts to alter the permeability of the pleural membrane 
by the addition of sodium fluoride to the solutions injected into the 
pleura gave only negative results. | 

But the fact that, by these means, we were unable to modify our 
results, only gives support to the view we have taken of the absorption 
of salt from hypotonic solutions. If we had here the manifestation of a 
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vital function of the pleural endothelium, the fact, that these cells 
behave.in precisely the same way after being scalded or poisoned with 
sodium fluoride as under normal conditions, would be very difficult to 
explain. 

In Table VI. are given the results of a few experiments made with 
solutions of other salts. These agree in all essentials with the ex- 
periments in which sodium chloride solutions were used. Although for 
the sake of simplicity, we have not made use of them in the argument 
in this paper, they may be here quoted to show that the same laws 
determine the absorption of other salts as of sodium chloride. 


TasBLe VI. 
Solutions of Sodiwm Sulphate and Magnesium Sulphate. 


ae Injected Recovered Absorbed Serum 

28 1° | 60 2:16 °665 | 70 1°32 -625 | —10 ‘371 | ‘60 
31 1° | 60 2:16 -665 | 68 1°47 ‘635 | 8 62 
29 30’ | 80 106 -37 60 1:16 -53 20 -152 | -60 
33 30’ | 80 56 525 24 -216 


32 30’ | 80 1°036 -21 59 1:069 -495 21 -198 | 
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THE ELECTRICAL RESPONSE TO STIMULATION OF 
MUSCLE, AND ITS RELATION TO THE MECHA- 
NICAL RESPONSE. By J. BURDON SANDERSON. 
Plates I—IV. (Thirteen Figures in Text.) 


THOSE parts or structures of the animal organism which are charged 
with maintaining and regulating its internal and external relations, 
that is with the functions, which since Bichat have been designated as 
those of animal life, are distinguished by the possession of two 
fundamental peculiarities. The first of these is, that their physiological 
state alternates between that state of diminished activity called by 
contrast rest and that of augmented activity for which in the 
absence of any general term to designate it we use various expressions, 
according to the mechanical, chemical, thermal, electrical or other 
effects in or by which it manifests itself. The second peculiarity of 
these structures is, that in each the transition from rest to activity can 
be evoked suddenly, as if explosively, in response to a disturbing 
agency (called a stimulus), and that thereby results are brought about 
which the stimulus itself would have been obviously inadequate to 
produce. The structures in question (nerve, muscle, electrical organ, 
_ brain cell, gland cell) are comprised under the general term of nerves 
and of the organs in which they terminate and from which they spring. 
For from the moment that anatomy shows us that a structure is 
innervated, physiology recognizes that it is excitable. Of excitable 
structures, muscle is the type or paradigma,—that in which the relation 
between stimulus and response, between a liberating and liberated 
action most clearly and simply manifests itself. 

The purpose of the present paper is to elucidate the mechanical and 
— electrical phenomena of the response of muscle to stimulus or excitation, 
by a new method of enquiry, which consists in recording them on a 
photographic plate moving rapidly at a uniform rate. In the year 
1879, the author, who was then engaged with the able assistance of 
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Mr F. J..M. Page in investigating the electrical changes which 
accompany the excitatory process in the leaf of Dionwa, used this 
method for the purpose of determining the time relations of these 
changes. In 1883 he published (also in association with Mr Page) a 
complete series of photographic records, exhibiting the electrical — 
changes which present themselves in the heart of the frog and of the 
tortoise, as the concomitants of rhythmical and excitatory activity. 
About the same time he entered on a similar enquiry in association 
with Professor Gotch, relating to the electrical phenomena, associated 
with the activity of muscle. These investigations with various inter- 
ruptions have been continued.to the present time.: Some of the 
photographic records were submitted to the Royal Society in a 
preliminary note in 1890, and the interpretation of the photographic 
curves was fully discussed by Mr Burch from the physical side in the 
Philosophical Transactions a couple of years later. The time seems 
now to have come for setting forth the physiological results of these 
prolonged enquiries more fully, and for giving such an account of our 
experimental method and its application as will make it available for 
other similar physiological investigations. 

This paper is divided into three parts. In the first an account is 
given of the present state of knowledge on the subject of enquiry; the 
second contains a description of the method and apparatus ; and i in the 
third the — results are stated and discussed. 


PART I. Previous RESEARCHES. 


The Characteristic Phenomena of the Primary Electrical Response 
of a Muscle to a Single Momentary Stimulation. : 


These were first investigated by Professor Bernstein more than twenty 
years ago. His discoveries were the fruit of an improved method of 
investigation described by him in his well-known work on the excitatory — 
process in muscle and nerve’. His enquiries extended both to injured 
and uninjured muscles. In the former he not only determined the 
duration of the phenomenon, but proved that inasmuch as the delay 
between the actual excitation and the response was proportional to the 


distance between the seat of excitation and the distance from it to the 
point where the electrical change was observed, it must be propagated 


1 Untersuchungen tiber den Erregungsvorgang im Nerven- und Muskeloysteme. Heidel. 
berg, 1871. 
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at a uniform rate. In a muscle with leading-off contacts on the natural 
surface and cut end, he found that the electrical disturbance lasts about 
_four-thousandths of a second, during which period his measurements 
indicated that the electrode on the natural surface became for the 
period mentioned negative to that on the cut surface. This effect he 
attributed to the passage under the former of a wave of excitation 
_(Reizwelle), producing in the compensated circuit a current in the 
direction opposite to that of the so-called “muscle current,” which first 
increased and then diminished, but was not succeeded by any current in 
the opposite direction (see Bernstein, p. 67, diagram). By comparison of 
the time-relations of the excitatory wave with those of the beginning 
of the contraction as then known, it was concluded that the electrical © 
change is completed.in each element of a muscular fibre before con- 
traction begins’. In applying the same investigation to the uninjured 
curarized muscle, he found that when the leading-off contacts were at a 
sufficient distance from each other, the galvanometric effect as analysed 
by the well-known instrument which he devised for the purpose, the 
Differential Rheotome, was diphasic, that is, that if the electrode 
nearest the seat of excitation were taken to represent that applied to 
the natural surface in the previous experiment, the first effect resembled 
that before observed, but was followed by an effect in the opposite 
direction in which the nearer contact became negative to the more 
remote. This was the first observation of the Doppelschwankung about 
which as it occurs in the gastrocnemius there has since been much 
discussion. Bernstein’s observations were made on muscles with 
parallel fibres like the sartorius. In them he at once recognized the 
true meaning of the diphasic variation, namely, that the change of sign, 
Le. the transition from the first to the second phase, is due to the 
arrival of the excitatory wave at the further electrode, and that the 
time interval between excitation and the beginning of the positive phase 
corresponds to the distance between the seat of excitation and that of 
the more remote of the two leading-off contacts. To the momentary 
diphasic change now under consideration, which I shall hereafter refer 
to as the primary electric response to momentary stimulation, 
Bernstein applied the classical term “negative variation,” notwith- 
standing that the phenomenon so designated was of an entirely different 
nature from that to which the term was originally applied. The 
negative variation of du Bois-Reymond is not the response to a 

1 «Bin jedes Element einer Muskelfaser muss erst den Process der negativen Schwan- 
kung vollendet haben, bevor es in den Zustand der Contraction eintritt,” p. 60, 
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single stimulation, but the diminution in tetanus of the previously 
existing difference of potential between the natural and sectional 
surfaces of a muscle (that is, of the muscle current), the word negative 
being applied in the sense of diminution without any reference to that 
in which it is used in electricity. Had Bernstein, who clearly 
recognized this fact, given expression to it by designating the phe- 
nomena which he discovered by a new term, much subsequent confusion 
of language might have been avoided. 

In the concluding section of the second of the well-known three 
papers published between 1873 and 1876, we have from the Master 
himself a sketch, not only of his own views as to response of instan- 
taneous excitation or as he calls it the ‘ Hinzelschwankung, but of those 
of all his predecessors’. After first discussing the laborious researches 
of Professor Holmgren, he gives a curve founded on the rheotome 
observations published in 1868 by Dr Sigmund Mayer’, and compares 
it with another curve, representing his own observations of the Hinzel- 
schwankung in a parallel-fibred muscle provided with a cross-section’. 
Comparing the negative phase of the diphasic response of the gas- 
trocnemius with the monophasic of the sartorius or gracilis, he finds 
that the latter exceeds the former both in duration and electromotive 
force, and in the diagram indicates by a dotted line what he supposes 
to be the form of the curve of an uninjured regular muscle with leading- 
off contacts at its middle and one end‘ This curve he represents 
as smaller than in the injured muscle, but, like it, monophasic. 
He then proceeds to consider under what circumstances the diphasic 
character presents itself. In the Hinzelschwankung of the gastro- 
cnemius, as represented by Mayer, he attributes it to the circumstance 
that when the contacts are on natural surface and tendon the observed 
effect has two seats of origin, viz. the ends of the: muscle fibres which 
abut on the expansion of the tendo achilles (Achilles-spiegel) and 
the opposite ends of the same fibres, these being attained by the 
excitatory wave at different periods. He thus assumes that the first 
phase is due to electromotive forces which, contrary to the view of 
Bernstein, have their seat at the ends of the fibres. It thus appears 
that du Bois-Reymond differs from his distinguished pupil not — 


1 ‘‘Graphische Darstellung der Einzelschwankung.” Ges. Vol. 1. 
p- 518. | 

2 Archiv f, Anat. u. Physiol. 1868, p. 655. 

3 The curve, marked Be, and BR is on p. 498; its description, p. 521. 

‘ For explanation of this hypothetical curve see p. 522. 
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merely theoretically, but also in matters of direct observation. Ad- 
mitting the correctness of Mayer’s diphasic curve—confirmed as it 
subsequently was by another of his pupils, Gad—he denies that any 
such phenomenon ‘presents itself in a regular uninjured muscle provided 
with middle and end contacts. In the introduction to Professor 
Gad’s paper published in 1877, there occurs a passage which seems 
plainly to show that up to that time du Bois-Reymond regarded the 
occurrence of a diphasic Hinzelschwankung as a thing which could only 
occur in an irregularly constructed muscle like the gastrocnemius. 

Immediately after the publication of du Bois-Reymond’s three 
treatises, the subject was taken up by Professor Hermann in a series 
of researches on “the action of currents of muscle” which were 
published in the xvth and xvith volumes of Pfliiger’s Archiv. In 
relation to our present subject, it is only necessary to refer to that part 
of his research which relates to the Hinzelschwankung of entire 
muscles, when excited indirevtly. In the experiments in question the 
author's object was first to prove (contra du Bois-Reymond) that in 
all muscles the primary electrical response is diphasic, and that when 
they are excited through their nerves the electrical change begins at 
the nerve endings. Having first verified the fundamental experiment 
of Mayer and Gad, he made a series of rheotome observations with 
various muscles, in all of which the presence of the two phases was 
obvious. As regards the nature and mode of production of the diphasic 
variation, he agrees with Bernstein, showing that even as it presents 
itself in the gastrocnemius, it is not dependent upon the peculiarity of 
_ structure of that muscle but on properties which it possesses in common 
with all muscles. He further demonstrates conclusively, in opposition 
to the teaching of du Bois-Reymond, the fundamental fact that the 
electrical change in excitation is not localized at any particular part, 
but at whatever part is the seat of excitation; the grounds on which 
this conclusion is maintained being, that when in excitation, the time- 
relations of the first phase of the response are such as to show that the 
electrical disturbance accompanies the arrival of the excitatory wave at 
the contact nearest to the seat of excitation, not its arrival at the 
natural end or cut surface. Another point of importance is that an 
excitatory wave passing along a tract of fibres between two 
leading-off electrodes exercises no influence ov the galva- 
nometer, so long as it is on its way from the one to the 
other. Its effect manifests itself exclusively during the time that it is 
under one or the other of the electrodes. 
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_ Since’ the appearance of the two papers to which reference has been 
made, Professor Hermann has not, so far as I know, published 
any researches on the time-relations of the Hinzelschwankung. His 
assistant Dr Matthias’ has however recently given results obtained by 


the new method which Hermann designates ‘ Rheotachygraphie.’ These 


results bear so directly upon the present enquiry that I must give 


- an account of them. ‘ The method, in which Prof. Hermann’s Rheotome 


is used, was tried in his laboratory some years ago but did not seem 
promising. It has now been carried out satisfactorily at K6nigsberg. 
The rheotome, is similar to that of Bernstein, and revolves a hundred 
times per second; the motor by which it is worked acts on the adjust- 
ment disk of the rheotome, altering it in such a way as to produce during 
the period of observation (that is while the muscle is being tetanized by 
the rheotome) an equable augmentation of the time interval between the 
excitation and the closure of the galvanometer circuit. The result is 
that the needle follows the change. in the electrical state of the 
preparation and that its movement can be photographed. If the rate 
of augmentation is known (i.e. the time required to augment the 
time interval between each excitation and the closure of the circuit 
by a thousandth of a second) and the rate of horizontal movement of 
the photographic surface is also known, the time-relations of the 
curve can be easily determined. The results will be referred to 
subsequently. 

Before proceeding further it will, I think, be useful to present. to the 
reader such a definition as to what is meant by the Hinzelschwankung 
as can be founded on the researches I have referred to, in order that he 
may be in a position to determine in how far our knowledge of its nature 


has been extended or rendered more exact by my own experiments. 
- Both Bernstein and Hermann agree in admitting that in regular 


muscles, i.e. those of which as in the sartorius, the fibres are parallel, 
the single response is the expression of the propagation of a wave of 
excitation of which both the point of departure and that of arrival are 
situated outside that of the tract of muscular fibres which intervenes 
between the leading-off contacts, so that with reference to the seat of 
excitation, that is of the origin of the wave, the electrodes may be 
distinguished as near and far; both moreover agree in representing the 
response as diphasic, and attribute this character to the circumstance 
that at the moment that the wave passes under the near electrode, 
a current sets in the galvanoscope towards it, and that a current in the 


Pfliiger’s Archiv, 70. 1893. 
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opposite direction immediately follows it, denoting that it has reached 
the far one. Both also estimate the difference of time between the 
two effects as dependent on the distance of the leading-off contacts, one 
centimetre corresponding to a time interval of about sh, of a second ; 
and both admit that an excitatory wave once originated is propagated 
equally in either direction, and that in the course of this ‘propagation it 
produces no galvanoscopic effect excepting during its passage under one 
or other electrode. It is to be observed that these statements suggest 
no physical theory of the excitatory wave. They enable us to say-no 
more than (1) that in the normal state the electromotive activities 
of the muscular fibres are so balanced that when the leading-off 
electrodes of a galvanometer are connected with any two points of its 
surface, no current manifests itself between them, and (2) that in 
any part in which an excitatory wave is present, a change of unknown 
character occurs, in consequence of which, the part becomes negative to 
all other patts, its relation being the same to those parts which the 
wave is approaching as to those from which it is receding. 


Part II. METHODS AND APPARATUS. 


The photographic records of the electrical changes which are 
associated with the excitation of a muscle by a momentary stimulus, 
present certain obvious characters by which the time of occurrence 
and duration of the electrical disturbance which they represent are 
indicated. A general notion may also be derived from them of 
the relative intensity of the electrical effects observed under different 
conditions, but it is only to those who are possessed of the key to its 
interpretation that the curve projected on the photographic plate 
reveals the nature of the electrical change of which it is the expression, 
and consequently of the physiological process of which it is the sign. 
With reference to this process the question to be determined in each ex- 
periment is—What differences of potential subsist between the surfaces 
to which our leading-off electrodes are applied in the successive stages of 
the response, that is of the excitatory process? This information, as every 
_ physiological student knows, we have hitherto sought to obtain with 
the aid of the “ differential rheotome.” But the method of investigation 
which this instrument represents has connected with it several essential 
drawbacks, The first difficulty consists in this, that. the tetanus. to 
which the muscle is subjected in each observation necessarily 


produces changes in its. physiological state and consequently in the 
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process which is the’ special subject of investigation, whence it follows 
that the process itself is not the same at the end of the observation as 
it is at the beginning. A second objection is that a muscle must be 
tetanized from ten to twenty times in order to complete the series 
of observations required, and that in consequence the initial state in 
each observation is modified by the excitation to which it has been 
previously subjected. The third difficulty arises from the impossibility 
of accurately compensating the previous difference of potential or 
“current of rest.” In every rheotome observation, whatever current exists 
in the circuit must of course be balanced before the observation begins, 
but inasmuch as during each tetanus the value of this factor changes, 
an error is introduced, which is due to the algebraic summation of the 
diminution which the “current of rest” sustains during the tetanus 
with the more rapid changes which constitute the individual response 
(Einzelschwankung), as a result of which those changes which are in 
the same direction as the diminution of the rest current are increased, 
while those in the opposite direction are diminished. For these reasons 
it is scarcely possible that any series of observations made with the 
repeating rheotome can give a true picture of the excitatory response. 

The first and second of these drawbacks was yot rid of by Prof. 
Hermann, when in his investigation of the Hinzelschwankung he 
substituted the “fall” rheotome for the repeating rheotome, using a 
galvanometer of which the sensibility for currents of very short duration 
was heightened to the utmost by using an extremely light undamped 
magnet. The third difficulty he has much more recently disposed of by 
the rheotachygraphic method described above, in which the results of a 
whole series of tetanizations are brought together, so to speak, in 
those of one. It will be shown subsequently that these very closely 
accord with those of the photographic method, although still open 
to the objection that each of the tachygraphic curves represents not one 
response but a combination of a number of responses, which may differ 
from each other in their details. 

Our method, which consists in photographing the movements of the 
mercury column of the capillary electrometer on a slit, behind which is a 
photographic plate moving at a rapid rate, is entirely free from all the 
errors and difficulties which in the rheotome method however improved 
are inevitable. The whole result is obtained by one observation, which 
is completed in a fraction of a second, and consequently all its details 
relate to one and the same process, not to a succession of processes 
differing more or less from the normal type. Granted that we are 
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possessed of a canon of interpretation on which we can implicitly 
rely, the photographic curve has the inestimable advantage that 
it yields at once the information which the physiologist requires, 
in such form as he requires it. For having furnished the required 
canon, those who are interested in the physiological investigations 
to which it is applicable are indebted to Mr Burch, who has not only 
been the first to recognise the importance of the fact that the velocity 
of ascent or descent of the mercurial column of the electrometer, 
supposing the instrument to be vertically placed, is proportional to 
the difference of potential between the terminals at the instant to 
which the observation relates, but has also devised and elaborated 
a method by which the velocity in question can be deduced from 
the inclination or slant of a curve at any required number of 
successive stages in the process to be investigated. The principle 
on which the method is founded is this. Provided that the recorded 
movement is at right angles to that of the recording surface, the rate of 
movement of the projected image of a column at any moment varies as 
the product obtained by multiplying the rate of movement of the 
surface on which it is projected by the inclination (that is the 
tangent of the angle of inclination) at the point corresponding to that 
moment. When the excursion of the electrometer is projected on 
a surface of which the movement is rectilinear the velocity of that 
surface is the same at all parts of it, and consequently the rate of the 
movement of the image varies as the inclination, but when, as in our 
later observations, the photographic surface forms part of a revolving 
disk, the rate of movement of any point of that surface is proportional 
to its distance from the axis of rotation, and consequently the rate 
of vertical movement of the image, which corresponds to any given 
value of the tangent of the angle of inclination as measured at any 
point of the curve, varies as the distance of that point from the axis. 
As will be seen further on, this peculiarity of curves projected on 
a revolving disk involves no complication in the mode of measurement. 

For the description of the Capillary Electrometer, and the apparatus 
now used in the physiological laboratory at Oxford for projecting 
the movement of the mercurial column and interpreting the curves, 
I am indebted to Mr Burch. Believing as I do that in future 
the electrometer will take'a much more important place as an instru- 
ment:of physiological research than any to which: it has hitherto been 
entitled, it seems important that the method which has given it 
its new value should be described by its author. 
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_. ‘The apparatus consists of an electrometer of special form; an arrangement 
for projecting a magnified image of the mercury column through a slit; a 
machine for propelling the plate at a uniform rate; automatic apparatus for 
marking the exact instant of: stimulation and recording the sianiead of the 


_ plate. 


_. The asia The general form of the instrument is shown in Fig. 1. 


Fie, 1. 


In order to obtain the baat possible definition it is necessary that the glass 
between the capillary and the projection objective should be as flat'and thin 
as possible. To effect this the V-tube is made much larger than in the instru- 
ments made several years ago. It is fitted with a kind of stopper made of 
very thick-walled glass tube. The side of this tube is ground away so as to 
expose the bore through its entire length. The trough thus formed projects 
about } an inch above the edge of the V-tube, which is enlarged so as to form 
a cup-shaped lip. The capillary having been adjusted in the trough, a 
microscope cover-glass is laid across it. The acid rises up so as to fill the 
cavity surrounding the capillary, the point of which is sufficiently high 
above the lip of the tube to admit of its being focussed by the projection 
microscope. 

- The electrometer is supported on a stand provided with a universal 
adjustment and with vertical and horizontal rack-work motion. The 
projection objective is carried by an ordinary well-made microscope stand 
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with sliding coarse adjustment and fine focussing screw. Both it and 
the electrometer stand are clamped to a bracket attached to the solid stone of 
a window in the wall of the inner room in which the apparatus, excepting the 
are lamp with its condenser etc., which is the source of light, is contained. 
One-half of this window is devoted to the apparatus, the other half is provided 
with a light-tight door which can be opened for adjusting the position of the 
In Figs. 2 and 3, a denotes the condensor; } is a tank of alum solution, 
which serves to intercept the heat-rays ; for certain purposes a second tank of 
ammonio-sulphate of copper is also employed. Inside the dark chamber the 
light from the objective passes through a box (c) about two feet long, at the 
end of which is a wide slit (d). This is closed by a shutter (e). In the top 


Fries. 2 & 3. 


of the box is a sliding lid (jf, Fig. 3) to enable the operator to judge of 
the sufficiency of the illumination. There is also a window of ruby glass (g) 
so placed that the position of the meniscus may be visible without opening 
the slider. Close behind the wide slit (d) in the end of the box is placed the 
slit proper (4). This is contained in a separate frame, by moving which the 
slight adjustments to ensure thé exactly central position of the mercury 
column ¢an be easily made. The usual width of the slit is one millimetre or 
less. This would be far too wide to give good definition. Accordingly the 
light is received on a plano-convex cylindrical lens (j) of about one inch 
focus, situated in the optic axis 8 or 10 inches from the slit. By this means 
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an extremely narrow image is produced, and at the same time a fair amount 
_of light is concentrated on the plate (4). 

The whole of this part of the apparatus is completely ESOC from the 
projection microscope, and is furnished with a light-tight joint (m) arranged 
so as not to touch it. This is necessary to prevent vibration. Focussing is 

| effected by a long rod provided with two pins which engage in holes in 
: the focussing screw, and can be drawn back quite clear of it when the 


A general view of the apparatus for carrying the plate is given in Fig. 4, 
and the details are shown diagrammatically in Fig. 5. ‘The plate-carrier C, 


an ordinary dark slide, is placed in a holder at the upper part of the wooden 
bar A which swings like a pendulum on bearings at O. A weight B at the 
lower end is so adjusted that the bar may be very nearly in equilibrium. A 
cross-bar D has a weight Z attached to it by a cord of such length that when 
the pendulum is nearly vertical, the weight rests upon the table F. In 
order to expose a plate the pendulum A is drawn to one side and held by the 
catch G. When this is lifted the action of the weight Z causes the pendulum 
to swing over. But just before the plate-carrier reaches the optic axis of the 
projection apparatus, the weight # comes to rest on the table, and the 
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pendulum traverses the remainder of its course with a constant velocity save 
for the retarding effect of friction. This is compensated by slightly loading 
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Fre, 5. 


the bar D. The spring catch H finally stops the pendulum and prevents 


its return. | 

It remains to describe the mechanism by which the excitation is auto- 
matically given at the required moment. A light lever J rests upon a pin at 
one end of the cross-bar M. It carries an adjusting screw X, the point 
of which dips, when the pendulum is set, into a cup of mercury Z. As the 
pendulum swings over this screw is lifted out of the mercury. By this 
means a circuit can be broken at any desired point of the passage of the 
plate, with tolerable accuracy. This break is used to actuate the signal-key. 
The signal-key is shown in Fig. 6. The small electromagnets A, B, hold 
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down the armature C’ upon the adjustable contact screw D, against the force 
of the spring Z, so long as the circuit MM, is closed by the mercury key XZ 
of Fig. 5. The instant this is broken by the passage of the pendulum the 
armature C flies back, and in so doing breaks the circuit P,P,, that of 
the primary coil of the induction apparatus. This signal-key is fixed close 
behind the slit (Fig. 3 4), across which the end of the armature C’ projects, so 
that the exact instant of the breaking of the primary circuit is recorded 
upon the photograph. 

The velocity of the plate with a given load upon the pendulum is 
practically constant, but is measured for each experiment by means of a 
tuning-fork making 500 double vibrations per second. This tuning-fork 
projects across the slit above the signal-key. Its prongs are forced apart by 
a cam and held so by a block, which is drawn away about one second before 
releasing the plate. 

Preliminary adjustments—Focussing etc. The slide of the box is drawn 
back and a piece of white paper placed in the path of the light during the 
adjustment of the illumination. The exposing shutter is drawn aside and 
the cylindrical lens removed. The focussing screw S, by the side of the 
plate-carrier, is brought into the line of light, and the meniscus carefully 
focussed upon it, an operation which is facilitated by removing the slit 
frame. The slit is then centred and its width adjusted. Next, the cylindri- 
cal lens is replaced and focussed. The focussing having been completed, the 
dark slide is placed in the carrier and the screw K adjusted so as to make the 
signal drop at the required point when the pendulum is moved slowly across. 
This adjustment is seldom altered. Finally the pendulum is pushed back till 
held by the catch G. The signal-key is closed and the tuning-fork set. 

Immediately before photographing the shutter of the dark slide is 
opened and the fork sounded. The exposing shutter is opened and the 
perdulum released by lifting the handle of G. The latter swings over and is 
held by the catch H. On hearing the sound of the catch the operator drops 
the handle, and thus closes the exposing shutter. After the first photograph, 
focussing is seldom necessary, and the whole operation is reduced to putting 
in plates and setting the pendulum, the signal-key, and the tuning-fork. 


Apparatus for measuring the curves. Fig. 7 represents a strong table, 
of which the top, as seen from above, is shewn in Fig, 8. ‘The negative is 
fixed to a carrier B pivoted at O on the table A, in which a hole is cut so that 
the photograph can be examined by transmitted light. The radius of 
the carrier is the same as that of the pendulum on which the plate was | 
exposed, and two screws C and JD are provided, vy which it can be accurately 
centred, the extreme edge of the photograph, which is always sharply defined, 
serving as @ circle of reference. The staff H is about 2 metres long and 
is graduated in centimetres, 
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A ledge is fixed to the front of the table at F, slightly higher than the 
_ level of the negative. A fine thread is stretched from the centre pin at O 
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to this plate, and a mark is made where it crosses the ledge when exactly at 
right angles to the staff #. This thread represents the radius vector, which _ 
thus remains in a fixed position while the curve to be analysed is moved 
under it. The thread itself is not however used in measuring. A fine 
copper wire G (Fig. 7) tightly stretched is supported horizontally beneath the 
table at such a distance that an image of it is projected by the achromatic 
lens H upon the negative. The wire is adjusted so as to coincide exactly 
with the thread OF, which is then removed, the image of the wire serving as 
a radius vector. This arrangement is necessary in order that the three lines, 
namely, the normal, the tangent, and the radius vector, may be seen simul- 
. taneously upon the curve. The normal and the tangent are drawn at right 
angles to each other on the underside of a glass plate A, cemented to 
the bottom of the hollow block Z (Fig. 9). 
On one side of this block, parallel to the tangent, is a small mirror //, 
furnished with adjusting screws. On the centre of the mirror, in a line with 
the normal, is a pointed index of white paper. There should be a gap in the 
normal where it crosses the tangent, otherwise it is difficult to see the exact 
direction of the curve at that point. 
The method of measuring the curve of the electrical response is as follows. 
The negative having been as above described placed on the carrier, a 
magnifying lens is supported by a stand above it. The adjusting screws C 
and D (Fig. 8) are set so that on moving the carrier to and fro the reference 
circle on the photograph coincides continually with the image of a pin 
9—2 
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crossing the wire at a point determined once for all. The next step is to 
mark the instant of excitation as determined by the fall of the signal. This 
part of the photograph having been brought under the radius vector, a scratch 
is made with a needle across the time record at the corresponding point. All 
time intervals are counted from this mark. The position of zero potential is 
next determined by laying a glass millimetre scale upon the negative along 
the radius vector and measuring the distance from the reference circle to the — 
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Fia. 9. 
starting point, that is, the position of the meniscus before the beginning of 
the excursion’, This is entered in the note-book in column R—r (see Tuble). 
The period of delay is then determined by shifting the carrier till the point 
at which the curve begins to rise or to fall comes under the radius vector, 
when the time interval can be read off by noting the number of vibrations of 
the tuning-fork between the mark already made and the radius vector. For 
the curve it is desirable to determine the z.M.¥F. for each complete interval of 
‘001 sec., counting from the instant of stimulation. If it began between 004 
and -005, the points measured would be ‘005, ‘006 etc. In each case the 
glass scale is first laid upon the negative and the position above or below 


the zero line is taken, which corresponds to the starting point of the 


excursion. This is entered in the note-book against the time as before. 

The glass scale is now replaced by the block, which is so adjusted that the 
tangent line at the point where the normal intersects it shall touch the 
curve where the curve crosses the radius vector. Going round to the back of 
the staff #, the observer moves a sliding index J along it until the point of 
the index and its reflection coincide in the centre of the mirror. The 
position of the index on the staff gives the length of the “subnormal*.” The 
values of the subnormal are entered under the column “ N.” 


1 It is to be noted that so long as in representing the results they are referred to the 
position in which the mercury was at rest before the commencement of the excursion, it 
is immaterial whether there is or is not a permanent difference of potential in the 
preparation. 

2 This optical method is more accurate than that described in the Phil. Trans., and it 
is far easier to adjust the position of the small block than the long rod hitherto employed, 
Phil. Trans., Vol. 188 A, p. 92. | 


3 
4 
Hi 
ay 
4 | 
q 
a 
ai 
| 
a 
al 
i 
} 
| 
i 
4 
i 
aut 
a 
% 
‘ 


ELECTRICAL RESPONSE OF MUSCLE. 133 


The use of these data for the purpose of ascertaining what is 
required in each case, namely, the E.M.F. corresponding to any point of 
the photographic curve will be more readily understood if I subjoin 
here part of the analysis of Plate II. Fig. 2, to be referred to later. 
I give the entries in the note-book with the headings of the columns. 
The Table is to be read as follows:—At 7 thousandths of a sec. (line 4) 
after excitation, the image of the meniscus is 37 mm. from the 
“reference circle” (see entry in col. R—r). It has risen 1 m. from 
its previous position (see Ar). The inclination of the curve at this 
point is such that its subnormal as measured on the staff H (Fig. 7) 
is 45°5 cm. In the heading of the last column but one, & is a number 
by which Ar must be multiplied in order that it may be expressed in 
its equivalent number of centimetres as measured on the staff. As 
each centimetre so measured is equivalent to 00133 volt, the total 
E.M.F. corresponding to NV + kAr is, at 7 thousandths of a second after 
excitation, 0°0625 volt... 


Analysis of part of the Photographic Curve, Plate II. Fig. 3.— 


Time in | 
thousandths| R-r Ar N N+kAr E. M. F. 
of a second 

0 38°7 

5 38°7 0 — Trace 0 0 

5°5 38°7 0 —- 85 | -— 85 — 0°0113 

6 38°6 0-1 — 150 — — 0°02 

7 37°7 1-0 — 45°5 — — 0:0625 

8 37°3 1*4 — 47-0 — 47°5 — 0:0633 

9 36°3 2°4 — 510 — 51:9 — 0°0692 
10 35°4 3°3 —-510 | —52:1 — 0°0695 
11 34°8 3°9 320 | -—334 — 00445 
116 35°0 3°7 + 90 + TT + 0°0103 
12 35°0 3°7 + 19-0 + 177 + 0°0236 
13 35°2 3°5 + 24-0 + 22°8 + 0°0304 
14 36°0 27 |. +215 + 20°5 + 0°0273 
15 36°0 27 + 0 —- 10 — 00013 
20 36°0 2°7 —- 10 — 20 — 00026 
24 35°9 2°8 — 05 — 1% — 0°0020 
28 35°9 2°8 - 0 —- 10 — 0:0013 


It will be understood that the numbers in the fourth, fifth and sixth 
columns are based on two previous determinations applicable to all 
experiments made with the same instrument and measured on the 
same apparatus—namely, (1) the value in &.M.F. of each millimetre of 
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the distance Ar, whence the value of k is deduced, and (2) the value in 
E.M.F. of 1 cm. measured on the subnormal scale, i.e. the staff Z’. 

- The reader will find further information relating to Mr Burch’s 
method in his paper in the Philos. Trans. I wish, however, to point 


_ out that we owe to him not only the discovery of the relation which 


exists between the rate of movement of the mercurial column of the 
electrometer at any moment and the difference of potential at its 
terminals which produces it, but the further point that in “polar 
curves,” that is, those of which the abscisse are circular and the 
ordinates radial, and in which consequently the rate of movement 


of the recording surface must be estimated in angular velocity as 


previously explained, the methods of measurement and analysis are 
quite as simple as those which are applicable to curves with rectilinear 
co-ordinates. 


PART III. EXPERIMENTAL RESULTS. 


I. - The photographic curve of the excitation-wave. The “ spike” and 
the “hump.” The curve as observed on a rapidly moving plate. The 
negative and positive maxima and the change of sign. Modification of 
the curve produced by injury. The after-efect. Proof that it has 
its seat in the injured part. 


The apparatus described in the preceding paragraph was completed 


in its present form in 1890.. In that used by Mr Page and myself 


in 1879 to 1881 the plate-carrier was driven by clock-work, the plate 
descending vertically and the slit being horizontal. For this was 


1 It may be useful to state here very briefly in what way it happens that the 
subnormal furnishes so convenient a criterion for deducing from the inclination of the 
curve at any point the velocity of movement of the meniscus at the time to which that 
point corresponds. If a movement of uniform velocity to or from the centre of rotation is 
recorded on a moving disk, the slant of the curve increases as the distance from the 
centre diminishes. If radii vectores are drawn to any number of points of the curve and 
a straight line is drawn through the centre at right angles to each such radius and then a 


normal to the curve at the point at which the radius reaches it, that normal will cut the 


straight line at a certain distance from the centre, this distance being the length of the 
subnormal. If the same thing is done as regards any other point to which a radius vector 
has been drawn, the distance from the centre of the point of intersection, i.e. the subnormal, 
will be the same in each case. In other words, if the rate of movement is the same the 
length of the subnormal is the same whatever be the distance of the point from the centre. 
If a curve of the kind above described (that of an equable radial motion) were ‘‘ ” 
on Mr Burch’s Table for measuring the subnormal, as above described, the subnormal to 
every point in it would be found to be of the same length. — 
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afterwards substituted an arrangement in which the plate-carrier moved 
horizontally in front of a vertical slit and was driven by water 
pressure. In this way a perfectly equable movement was obtained, 
but the rate was insufficient. The final improvement was to 
‘substitute an equilibrated pendulum for the horizontal carrier, so as 
to obtain a rate of movement ten times as great as before—a change 
which was rendered possible by the excellent quality of the “drop- 
_ shutter” plates of Messrs. Wratten and Wainwright. In observa- 
_ tions made before 1888 the electrical response of the single momentary 
excitation of the gastrocnemius by its nerve presented, as projected on 
the more slowly moving plate, a contour resembling that of a spike in 
optical section ; the photographs show (Plate I. Fig. 2) that its outline 
is nearly symmetrical at the top but that the contour on the right side 
is not so steep as that on the left, indicating that the movement of the 
meniscus is not so rapid towards the end of the second phase as at the 
beginning of the first phase. The contrast between the electrical 
response in the uninjured gastrocnemius with that which is observed in 
_ the same muscle when injured by heat at its lower end is also perfectly 
well shown in these earlier records (Plate I. Fig. 3). No one can fail 
to see that the former, the “spike,” is followed by what in similar 
language might be described as a “hump,” and that if the former 
is taken to mean a sudden electrical swing of such a character as 
to indicate that the proximal electrode becomes first negative, then 
positive, the latter must indicate that it is followed by a change in the 
- same direction but of slower progress. As later observations showed 
that this slower change not only culminates but begins later, it will in 
this paper be called the “after-effect.” 

I have referred to these records as affording a comprehensive view 
of the geueral character of the electrical response. They are not, 
however, available for the study of the time-relations in detail, because 
it would not be possible to obtain any reliable measurements of the 
inclination of the curve. When the excursion represented by Fig. 2 
is recorded on a plate moving ten times as fast the spike exhibits 
the form shown in Plate I. Fig. 5 and Plate II. Fig. 1; and when Fig. 3 
is similarly recorded, its form is that of Fig. 5; Figs. 3 and 5 may 
be taken as typical examples of the normal and injury curves respect- 
ively of the Hinzelschwankung of the gastrocnemius. The most important 
point in the curve which represents the movement of the electrometer 
when its electrodes are applied as above described to the middle and 
tendon end of the gastrocnemius (see Fig. 10, A), is that at which 
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it changes its direction, for that change of direction occurs at the 
moment that the two electrodes become equipotential, that is, at the 
transition from the negative to the positive phase. It occurs in muscles 
that we have examined, if the nerve be between 1 and 2 centimetres 
long, at about eleven thousandths of a second after excitation 
so constantly, that the moment of the change of sign may be advan- 
tageously used as a point of reference in assigning their order to the 
other events to which it is in relation. 


Fie. 10. 


The culmination of the first phase—the moment at which the slant 
of the curve is steepest—occurs about nine-thousandths of a second 
after excitation, that is, two-thousandths before the change of sign. 
The second phase culminates at twelve or thirteen thousandths, 
consequently about as long after the change of sign. The analysis 
further shows that the electromotive force of the first phase, that in — 
which the proximal electrode is negative to the distal, is seven- 
hundredths of a volt, whereas that of the second, of which the direction 
is opposed, is over a tenth. When in the same muscle the observation 
is repeated after dipping its lower end (as shown in Fig. 10, B) in water 
or salt solution just sufficiently warmed to produce rigor (see Plate IT. 
Fig. 3), the change of sign occurs at the same moment as before, namely, 
at ‘011 sec. The electromotive force of the first phase is nearly °07 
volt, and it culminates at the same time, but the opposite phase is 
reduced from a tenth to a thirtieth of a volt, this being due to the 
after-effect, which begins at the moment of the change of sign and 
sums with whatever may remain of the second phase*. The after-effect 
attains its maximum at an uncertain period (about two-hundredths of a 
second) after excitation; although its representation in the electrometer 
curve is so obvious, its electromotive force is relatively inconsiderable— 


» The analysis of this curve has already been given a few pages back. It resembles 
Plate I. Fig. 6 and is a characteristic injury curve. 
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in the present instance not more than a tenth of the previous difference 
of potential between the two contacts and less than a twentieth of 
‘ that of the first phase (‘045 volt). 

Plate Il. Fig. 2, relates to the same muscle and is of value as 
showing that the uninjured part of an injured muscle responds 
normally to the indirect excitation, and consequently that the injured 
part does not participate in the normal diphasic response. . It was 
obtained as follows: 

The first observation of the i injury curve, Plate II. Fig. 3, having 
been taken, the distal electrode was shifted to the position indicated in 
Fig. 10, D, so as to cut off the influence of the injured part of the 
muscle, leaving between the contacts only the uninjured part of the 
nearly parallel muscular fibres. It is obvious that the electrometer 
curve although smaller, as might be anticipated from the shortening of 
the distance between the contacts, has the characters of the normal 
curve. Measurement shows that the change of sign occurs about 
one-thousandth of a second earlier than in the normal response, and 
that the second phase culminates at ‘012 secs. instead of ‘013 secs. It 
is to be noticed in this observation as in that relating to the un- 
injured muscle, the second phase has a rather higher electromotive force 
than the first. 


The analyses of Plate II. Figs. 1 and 2 are as follows: 
Fic. 1. Gastrocnemius uninjured. Previous difference of potential —0°001. 


Thousandths of 

a second after 

excitation 6 5°5 6 “i a 8 9 10 ll 116 
E.M.F. -001 -00268 -0°048 -0°067 -0068 -007 -0°028 +0°071 


12 18 14 16 16 17 18 
+0°091 +0°101 +0046 +0°021 +0012 +0008 +0-0027 


Fic. 2. Gastrocnemius injured, but end electrode within injury. 


Thousandths of 

a second after 

excitation 6 55 6 7 ‘ 9 10 ll 12 
E.M.F. 0 -0-024 -0°046 -0°052 -0-051 -0-030 +0045 +0°058 


18 14 15 16 17 
+0°041 +0°028 +0°006 +0°004 +0°001 


In Plate I. Fig. 5, we have a curve which is analogous to Plate IL. 
Fig. 1. Plate I. Fig. 6, relates to the same muscle after its lower end 
has been treated in the same way as the one referred to on page 136. 
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Plate I. 5 and Plate II. 5 represent therefore respectively the changes 
which the normal curves Plate I. 4 and Plate II. 1 exhibit in conse- 
quence of the warming of the lower end. It has already been shown 
that the processes represented by the descending and ascending parts 
of the normal curve have their seats in a normal muscle, the first 
phase at the proximal leading-off contact, the second at the distal. 


Plate II. Fig. 4 (upper of the two curves) affords evidence-of the 


complementary statement, viz. that the after-effect has its seat in the 
injured part. In the case before considered (Plate II. 2 and 3) the distal 
electrode was shifted from the injured part to the sound muscular 
fibres on the proximal side of the injury so as to exclude its influence. 
In the present case the proximal electrode was shifted to the place 
previously occupied by the distal (see Fig. 10, C) so as to exclude 
all the sound part of the muscle and include only the injured part. 
The curve thus obtained shows no trace of the normal response; the 
change which it represents shows that the proximal side of the 
slackened part of the muscle becomes negative to the distal side, but 
this change begins more than one-hundredth of a second after excita- 
tion and culminates slowly. In comparing this curve, of which 
the analysis is given below, with the one immediately below it, its 
meaning becomes obvious. The after-effect presents itself without the 
normal diphasic one ; this is absent because no normal muscular fibres 
intervene between the electrodes. In the injured part the fibres are 
not dead but in a state intermediate between dead and living. In 
such fibres the excitatory process culminates slowly: consequently the 
time which elapses between its arrival at the proximal electrode and 
its attaining the distal is relatively considerable. 


Analysis of Plate II. Fig. 5. 


Thousandths of 

a second after 

excitation 5 6 | 7 8 i) 10 ll 12 
E.M.F. 0 -0°004 -0008 -0017 -0023 -0023 -0022 -0017 


13 14 16 18 20 


-0011 -0010 -0006 -0°004 -0-002 


The four forms of curve above described, e.g. Plate II. Figs. 1, 5, 4 
and 2, corresponding to the positions of the leading-off electrodes shown 
in Fig. 10, A, B, C, D, afford the key to all the electromotive phenomena 
which present themselves in the stimulation of a muscle through its 
nerve. They serve to show that when the excitation is momentary, 
the events recorded, viz. the phasic normal response on the one 
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hand and the after-effect on the other, are the signs of separate or 
readily separable processes, and that the former is the expression of 
a process having its seat in the sound part of the muscle, the latter 
in the injured part. It is not difficult to make it clear that however 
imperfect may be our understanding of what happens in the excitation 
of muscle regarded from the point of view of its molecular structure, 
the phenomena now in question are in no respect at variance with 
accepted physiological doctrines relating to “action currents.” There 
are however important differences, for while we agree with Bernstein 
in believing in the propagation of the physiological change of very short 
duration which in its progress affects first the nearer, then the further 
electrode, the after-effect is a phenomenon which has not before been 
described. Of its localization in the injured part I cannot conceive that 
any better proof can be given than that: which is afforded by the often 
repeated observation of which the curves Plate II. Figs. 1 and 3 are 
the record. As to the significance of the after-effect itself we have two 
points to consider, its relatively protracted duration and its direction. 
The existence of difference of potential between two spots of a muscle 
may be understood to indicate either that the two spots are at the 
time in different states of functional activity or that one of them is in a 
state of impaired activity in consequence of injury, or finally that both 
of these conditions are operative. In the present instance we have 
evidently to do both with differences of functional activity and with 
injury. In all destructive injuries the part most injured is separated 
from the rest by a border region of partially injured structure. Within 
this region when not excited there is a gradual transition from a state 
closely approaching normality to a state closely approaching death, and 
each more injured element is negative to its less injured neighbour. To 
this gradation in the physiological state of the tissue when in the 
so-called resting condition, there must be a corresponding gradation to 
the change which takes place in an injured part when a wave of excitation 
approaches it from the adjacent normal tissue. For it is clear that the 
more injured elements will respond differently from the less injured. 
As an electrical change in the direction of relative negativity is the 
expression of this response, those parts which are most injured will 
respond least, so that the same effect will be produced as if electro- 
motive forces came into existence in the region of injury directed from 
the less injured to the most injured part, that is, in the same direction 
as the first phase of the normal response. This point will be more 
fully discussed later. 
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II. Phenomena of excitation by — instantaneous stimuli 
(experimental Tetanus). 


Comparison of the Tetanus curve of an interned with that of an 
uninjured muscle. Absence in the latter of diminutional effect (“ Negative 
Variation” of du Bois-Reymond). The ‘Nachwirkung’ of du Bois- 
Reymond. 


We have first to consider what happens in an uninjured muscle 
when its nerve is excited by a frequent succession of stimuli, under- 
standing by the term, a muscle which in du Bois-Reymond’s sense is 
so perfectly parelectronomic that if it is carefully prepared there is no 
difference of potential, or a very inconsiderable one, between the end and 
middle contacts—in a word no “ muscle current.” In such a muscle, it 
need scarcely be added there is no “negative variation.” The fact 
itself and the reason for it may be learned from the photographic 
curves. 

The normal response to a series of excitations recurring with a 
frequency of 84 per sec. in a wholly uninjured muscle, in which there 
was no previous difference of potential between the middle and terminal 
contacts, is shown in Plate III. fig. 3. Each excitation produces a 
spike, which is the expression of the passage of a wave of excitation, 
of which the direction of propagation is atterminal. The first phase 
expresses a change in the direction of propagation, the second opposed 
to it. But after the wave has passed, the contacts are equipotential, as 
they were before. 

Fig. 4 shows the result of a similar experiment in a muscle in which 


the surfaces of contact were also nearly equipotential. The frequency 


of the excitations was 60 per sec. Each spike is followed by an after- 
effect in the opposite direction, the character of which can be seen 
at the end of the series, and there was a slight responsive augmentative 
effect, which subsided in a tenth of a second. After injury the same 
muscle excited in the same way exhibited the characteristic curve of the 
negative variation of du Bois-Reymond (Plate III. Fig. 5). The 


previous difference of potential exceeded 0:03 volt. At the end of the 


period of excitation the diminution amounted to 0054 volt. Each 
excitation wave was followed by an after-effect in the same direc- 
tion, the character of which is best seen after the tenth excitation. 
It is to be noted that here as in all other cases, the difference of 
potential during the first phase is four or five times as great as the 
diminution. 
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Plate I. fig. 1, exhibits the tetanus injury curve as seen when the 
injury is partial and the movements of the mercury column are recorded 
on a slowly moving plate. The frequency of the excitations was more 
than three times as great as in the last observation (210 per sec.). In 
the effect of each excitation the primary response (spike) and after-effect 
are well marked. The diminution of difference is inconsiderable, about 
0:008 volt. Had the excitations ceased after the 7th or 8th response, the 
_ result would have resembled Plate IIT. fig. 5, the chief difference being 
that in fig. 1 the after-effect is weaker and the diminution of muscle 
current less. 

It thus appears that in experimental tetanus the change which 
constitutes the negative variation is made up both with reference to 
the physiological changes of which it consists and to its electrical 
phenomena of two elements which are essentially distinct from each 
other. These may be described as consisting, in an injured muscle | 
(1) of a succession of excitation waves, each of which is evoked by an 
instantaneous stimulus and is expressed in the photographic curve by 
the spike and hump, and (2) of a persistent state of excitation of the 
muscle, marked by diminution of the previously existing difference 
of potential between the sound and injured surfaces. In the tetanus 
of uninjured muscles both physiological changes exist, but the second 
has no external manifestation. 

It will be remembered that du Bois-Reymond applied the term 
‘‘innere Nachwirkung” to the diminution of the E.M.F. of the muscle | 
current, which persists in,a tetanized muscle after the excitation has 
ceased, All our photographs which include the moment of cessation 
show this effect. The meniscus does not return into zero position after 
the final excitation is over, as it would do if the excitatory effect 
suddenly ceased. As the curve of the Nachwirkung has not yet 
been studied, this brief reference to it must suffice. 

It may be further noted that some of the observations referred to 
in this paragraph may be made with the galvanometer. It is not 
difficult, for example, to verify the fact that if a muscle be so prepared 
as to be currentless, there is no negative variation, and that if a 
“current” is developed by injury of the tendon end, a negative varia- 
tion appears, the strength of which depends on that of the preexisting 
current. But it is difficult to prove, even with the aid of the rheotome, 
that the wave-phenomena in tetanus are experimentally separable from 
those due to diminution. 
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IIL Phenomena of continuous stimulation. 


Methods by which continuous contraction can be ee inde- 
pendently of repeated or periodical excitation. Cause of the relative 
positinity of an injured part when continuously excited. The curve of 
continuous excitation: its oscillations. The electrical response to inter- 
mittent stimulation of great frequency. Continuous excitation of a 
currentless muscle produces initial waves but no continuous response. 


There are several ways in which persistent contraction, resembling 
complete tetanus, may be produced without repeated stimulation. 
Some of these modes are in their nature so completely free from 
periodicity that the excitation they produce must be entirely con- 
tinuous ; so that if any discontinuity appear in the response, it must 
be due to causes inherent in the excited structure, ie. in nerve or, in 
muscle, not to the mode of stimulation. The best examples are (1) the 
opening of a voltaic current of sufficient strength, so led through the 
nerve that its anode shall be next the muscle (Ritter’s Tetanus) ; 
(2) the closing of a current of the same kind, with the cathode next 
the muscle ; (3) the instantaneous stimulation of a motor nerve of which 
the excitability has been increased either by drying or by Placing a 
crystal of salt at the seat of intended stimulation. 

In the last of these cases, when the muscle “goes into tetanus” in 
response to a single weak induction current led through its over- 
susceptible nerve, the physiological effect as regards the muscle is 
that a wave of excitation starts from the muscle endings (which as — 
we shall see repeats itself) and is followed by a continuous state of 
excitation in which the whole muscle takes part. If the muscle has 
been injured by plunging its lower end into hot salt solution, the curve 
shews (1) a phasic effect followed by the after-effect already described, and 
(2) a curve indicating a more persistent-diminution of the difference of 
potential existing between the electrodes before excitation. With 
reference to this curve it is to be noted that it is steepest at the 
beginning, where it appears to spring from the after-effect so as to be 
indistinguishable from it. Its distance from the zero line thus increases, 
but by diminishing increments in equal times, until it corresponds to 
the difference of potential between the two contacts due to persistent 
excitation. In the present instance this amounted to not less than 0:006 
volt, The analysis of the curve is as follows; 
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Analysis of Curve Plate II. Fig. 6. | 
The curve shows four oscillations, three well-marked negative and positive maxima. 
The two first well-marked changes of sign are indicated in the table by vertical bars. 


excitation 5 7 8 9 10 
E.M.F. -0023 -0061 -0071 -0°075 -0074 -0-:002] +0-061 
12 18 15 16 18 
+0045 +0005 -0031 -0-054 -0064 -0069 —0-062 
~0:008 +0028 +001  -0009 -0036 -0041 -0-049 
26 28 29 30 $1 
-0°035 -00038 +0007 -0°012 _-0:019  -0-028 
83 35 36 88 


-~0°029 -0028 -0°026 -0024 -0018 -0-015 


Plate III. Fig. 1, is the curve of the “ Dauercontraction” at closure 
of a current through the nerve. It is seen that here as in the other 
case the curve has an abrupt beginning, which unquestionably denotes 
the first phase of an excitation wave, and that this is followed by others 
—a series of electrical ripples. These however do not interfere with or 
affect the general course of the curve, which as in the other case tends 


to become parallel to the zero line at a distance corresponding to 


diminished difference of potential between the electrodes. In this case 
the diminution amounted to 0°012 volt. 

When a muscle is stimulated by leading alternating currents of great 
frequency through its nerve the effect is the same as if the excitation 
is continuous. The simplest method of testing this experimentally is 
to employ telephone currents. When for instance the note c (space c in 
the treble) is loudly sung to a telephone, of which the terminals are 
connected with the exciting electrodes, the nerve receives over a 
thousand excitations per second by currents in alternately opposite 
directions. Plate III. Fig. 2, is the curve thus obtained. In the 
experiment, to which this photograph relates, the telephone. currents, 
owing to a lucky mischance, influenced the electrometer circuit before 
the key which brought the nerve into the circuit of the telephone 
was opened. Consequently the exact relation between the frequency of 
the telephone currents and that of the vibrations of the tuning-fork can 
be easily judged of. It is seen here that the curve of diminution is 
marked by the same undulations as the others—an initial wave of 
excitation itself feeble had been followed by others feebler, 
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Even when the frequency of vibration is very much less than in the 
instance just given, the response to a succession of excitations of the 
nerve may be continuous, in which case as in the others the same initial 
undulations present themselves. In the experiment of which Plate II. 
Fig. 6 is the photograph, the frequency of excitation was 120 per 
second. The curve of diminution has the usual character. It exhibits 
an initial series of undulations which correspond with the excitations 
neither in time nor in frequency. This want of coincidence has been 
repeatedly observed with frequencies varying from 90 to 150, but I am 
not able to state the precise conditions under which it occurs, When 
the nerve is excited less often than 90 per sec. there is always complete 
coincidence. I do not propose to offer any theory as to the nature or 
cause of the initial undulations, which must be the subject of further 
investigations 

Relation of the phenomena described in the preceding 
paragraphs to each other. 

We have seen that there are three ways in which a muscle widade 


to stimulation through its nerve, namely, 


A, By a couple of excitation-waves which starting in each fibre 
from the seat of excitation are propagated in opposite directions. 

B. By successions of such excitation-waves, of which each couple 
is the response to a single excitation. 

C. By an excitatory change—in response to continuous stimulation. 
We have also learned as regards C that it does not manifest itself in 
uninjured muscle, and that in injured muscle it is accompanied by 
diminution of the pre-existing difference of potential. The contrast 
between B and C lies in this, that whereas in B all parts of the 
muscle are excited repeatedly and in succession, in C all parts are 
in the same state of excitation at the same time. And if with this 
distinction in mind, we compare the electrical phenomena of ordinary 
experimental tetanus with persistent contraction, we have in the 
latter the effects of the propagation of excitation-waves along with 
the diminution of the previous difference of potential, in the other the 
diminutional effect by itself. 

1 It is noteworthy that the electric organ of Torpedo (nerve-organ preparation) when 
thrown into action by a single instantaneous excitation of its nerve, gives a similar 
succession of electrical oscillations of the same order of frequency as those observed in 
muscle. In the organ as in muscle these oscillations become smaller and smaller until 


they disappear. They were attributed by Mr Gotch to repeated excitations of the organ 
by its own current. See Gotch, Phil. Trans. Vol. 179, pp. 354, 362, and Plate 52. 
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It is well known that the condition of a muscle in which it is 
currentless, i.e. in which its natural end surfaces are not more or less 
negative to the lateral surface, is difficult to realize. And we also know 
as @ constant result of observation that the degree of this relative 
negativity varies with the amount of accidental damage which has 
been inflicted on the muscle in preparing it; and further that the 
effect of continuous or repeated stimulation is to diminish this 
difference, whenever and wherever it occurs, in a degree which is found 
experimentally to be roughly proportional to the previously existing 
relative negativity.: The observation of the constancy of this relation 
affords ground for inferring that the mode of response which I have 
designated under O, i.e. the “negative variation” indu Bois-Reymond’s 
original sense, and the ‘ muscle current’ are manifestations of the same 
property, and that the former is essentially related to the latter. The 
further consideration that the state of equipotentiality in resting muscle 
can be so easily disturbed by very slight injuries suggests that the 
electromotive activities which are thus brought into play already 
exist,—that the effect of interfering with the surface is merely to 
upset that state of balance by which they are rendered latent. The 
details of this sketch of the significance of the periodic and continuous 
electrical phenomena of muscular excitation will be filled in later. In 
the meantime we go on to the next point, viz. the time relations of the 
former to the change of form. 


IV. The mechanical response to a single instantaneous stimu- 
lation. 

Determination of the relation between the beginning of the change of 
form and the change of sign in the electrical response. Apparatus used. 
Time after excitation at which change of form begins in direct and in 
indirect excitation: Influence of strength of exciting current. Tabular 
statement. Proof that the electrical effect occurs immediately after 
direct instantaneous excitation. . 


The observations relating to the mechanical response were under- 
taken mainly for the purpose of determining the time after momentary 
stimulation at which the first change of form begins, with reference to 
the time after stimulation at which the electrometer curve culminates, 
this corresponding to the change of sign in the electrical change itself. 
As has been already indicated the latter is of great importance, for the 


change of sign marked, with the greatest conceivable exactitude, the 


moment of consummation of the excitable process—the arrival 
PH. XVIII. 10 
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q of the wave of excitation at the end of its course. The time at which 
i this happens can only be measured when the muscle is excited through 

| i] its nerve; for we have not yet succeeded in our attempts to observe it 
a in direct stimulation. The interval between excitation and mechanical 

| response, on the other hand, can be best measured when the muscle is 
excited directly. The relation between the two intervals, i.e. the 


interval between excitation and change of sign in the electrical effect, 
and beginning of mechanical response, must therefore be ascertained by 
| combining results obtained under these two conditions. 

aa The photographic measurement of the interval between direct 
| : instantaneous stimulation and the change of form at the excited part, 
is best accomplished with the aid of the contrivance figured. The 


a 
| 
Fig. 11, 
| muscle, whether sartorius or gastrocnemius, rests on a horizontal 
| a support by the adjustment of which it can be brought into such a 
| i position that its upper surface is half a centim. below the front focus 
| i of the objective (see Fig. 11). From the opposite ends of the horizontal 
| i | | vulcanite rod shown in the figure, stretch two slender straight steel 
i i wires, each six centimetres long, which join at b, From 6, one of the 
oO wires extends to a, where a vertical wire of the same kind terminating 
i HY in a small button is soldered to it. The button rests on the surface of 
i i | the muscle. By means of the two wires d, d’, one of which is connected 
i with the button, the other with a platinum plate on the support, a 
i af - current can be led through the muscle in either direction. If the 
i | | button is made cathode the excitation occurs at the point of contact 
| i Hy of the button with the muscular tissue. The result is shown in 
vi Plate IV. Figs. 1 and 3, with the gastrocnemius, and in Plate IV. 
| At | Fig. 5, with the sartorius. The experiment is a simple one and can 
| q | be. easily repeated. The horizontal wire at the point indicated by 
| t H the cross is projected on the slit. It does not always happen that 
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the muscle rises at the seat of excitation as suddenly as it did in 
the instances chosen. It is often more like Fig. 5, but the time is 
always the same. With the fork of 500 dv. per sec. the interval 
between excitation and the lifting of the button covers a little more 
than one and a half vibrations, the measurements varying from three to 
three and a half thousandths of a second. 

This leading fact I demonstrated to the Physiological Section of the 
Berlin Congress in 1890. At that time our apparatus was not so 
perfect as it is at present. The photographs were consequently not so 
striking, but the results obtained, as may be seen from Fig. 6, which is 
one of those then shown, were in perfect accordance with the statement 
just given. As this is one of the cases in which the shortest period is 


more likely to be correct than the mean, I regard ;,4,5. sec. as re- 


presenting the true interval between excitation and the first appreciable 
change of form, and have little doubt that it may begin 7,5 sec. 


earlier, 


The measurement of the interval in indirect stimulation is more 
complicated. We have to do with a process which is made up of three 
stages. In the propagation of the excitatory change from the nervous 
element which is excited to the muscular element which responds, it 
has to pass first along the nerve, secondly through the end organ, before 
the contractile substance of the muscle is reached. Our observations 
show that when the nerve is excited at a distance of 12 mm. from the 
muscle, the change of form which can be observed by the method above 
described occurs about 74 to 8 thousandths of a second after excitation. 
Assuming that half a thousandth of a second is lost in the nerve, and 
that of the remaining 7 thousandths, three are lost in the muscle itself, 
the time lost in the end organ can scarcely be less than 4 thousandths. 
That this is so we have valuable confirmation in an experiment shown 
in Figs. 3 and 4,in which a muscle was excited directly, first by a weak 
opening induction current (Fig. 4), and secondly by a strong one (Fig. 3), 
the two being in the same direction. When this method is employed, 
the weak current evokes a response due to the excitation of the nervous 
elements of the muscle, the strong excites the muscular substance 
directly. In the former case the interval between excitation and 
response is the same as when the muscle is excited through its nerve ; 
in the other it is half as long, so that the difference between the two 
is as before, about 4 thousandths of a second. 

It having been shown in Part I. that in a muscle excited indirectly, 
the electrical response begins 34 thousandths of a second after excita- 
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tion, that it attains its first maximum at 8 or 9 thousandths, and that 
the change of sign occurs at 11 thousandths, the beginning of the 
change of form and the culmination of the electrical change at the seat 


of origin of the excitatory wave must be synchronous. 

_ The order of succession of concomitant or successive inoihiatinis or 
electrical events which mark the transition of a muscle from the state 
of “rest” to that of excitation is as follows. The numbers above the 
horizontal bars represent thousandths of a second after excitation. 


Indirect excitation | Direct excitation 
Moment of excitation 0 ...... Beginning of electrical response 
1 
Beginning of electrical response — ist Beginning of change of form 
.....Culmination of first phase 
Beginning of change of form «...Change of sign 
Culmination of first phase of electrical response = 
Change of sign = 
Culmination of second phase = 
15 


It will be understood that the left-hand column expresses the results of direct 
measurement, the right-hand column inferences therefrom. 


As it is probable that in each muscular element change of form 
begins before it can be appreciated even by the photographic method, 
the interval between the beginning of the electrical and of the me- 
chanical response may be less than it appears to be in the table. If we 
assume the true interval to be 34 thousandths, the electrical response 
must in direct excitation begin in the course of the first. thousandth of a 
second at the seat of excitation. In other words, the beginning of the 
electrical change marks, in direct no less than in indirect excitation, the 
invasion of the muscular substance itself by the excitatory process. 


V. Electrical — of the excitation wave in the heart of 
the frog. | 

The “negative variation” of thé injured heart; its correspondence 
with the after-effect in muscle. The “strip” preparation. The “block” 
experiment. Summary. 
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In a former volume of this Journal’ I published with Mr Page a 
number of observations on the electromotive phenomena of the heart in 
the frog and tortoise, without entering at any length on the discussion 
of their physiological significance. As the main results of these 
observations have now become current, the time seems to have arrived 


_ for showing how completely the electrical concomitants of the excitatory 


process in the ventricle harmonize with the corresponding phenomena 
in muscle, and that the same explanation applies to both, 

The equipotentiality of the surface of the ventricle has been appealed 
to as evidence against “pre-existence” ever since it was proved by 
Engelmann some fifteen years ago. But this fact, no less than the 
absent current in muscle, admits of being regarded in another light. 
Here also there is every reason for supposing that the electromotive 


activities which manifest themselves after injury, are also present in the 


uninjured heart. In the heart it is even more strikingly evident than 
in muscle that the “Stromlosigkeit ” of the surface is destroyed by most 
trifling injury. Why then should we force ourselves to account for this 
on any hypothesis except the obvious one, that the injury however 
slight is adequate to impair the functional activity of the part, and 
thereby impair those electrical activities with which we believe that 
function is inseparably linked ? 

In the ventricle we have the same distinction to make between the 
immediate and the subsequent response to instantaneous excitation 
that we have in muscle. The electrometer-curve of the cardiac excita- 
tion-wave begins like the muscular one with a “spike” (see Fig. 12 A), 
the meaning of which I did not know when I published my last paper. I 
was however perfectly right in attributing the sharp ascent and descent 
of the photographic electrical curve which constitute the spike, to the 
propagation of the wave of excitation from the nearer to the further 
electrode. I was also right in supposing that the equipotentiality of 
the heart, indicated in the figure by the’ bracket, during the remainder of 
the excitatory period is due to a state of balance between the processes 
going on under the two electrodes, and that the difference of potential 
which shows itself during this period in the injured heart—the 
relative negativity of the injured surface—is due to the disturbance 
of this: balance, that is, to the greater susceptibility to change of the 
sound tissue. But I did not know that in the heart as in muscle 
the electromotive force of the excitatory wave was so much in excess of 
the persistent effect (see Fig. 11 B) which lasts during the whole period 


Vol. 1. p. 384. 1880. 
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of active contraction, Still less did I understand the essential distinction 
between the two phenomena, the one being an Hinzelschwankung and 
the expression of a propagated change of short duration and considerable 
intensity, a Reizwelle in the sense of Berristein, the other a “ negative 
variation” in the sense of du Bois-Reymond due to the circumstance 
that the electromotive activity of the injured part being less than that 
of the sound part, this difference manifests itself during the whole of 
the excitatory period. | 

Another fact relating to the heart which was also demonstrated in 
my second paper has now its complete explanation—the phenomenon 
of the “pressure block.” From the kidney-shaped ventricle of the 
heart of the tortoise a riband or strip of muscular tissue was cut in 
such a way as to preserve the natural surface intact, and left to itself 
for a sufficient time to allow of the recovery of the effects of the injury. 
If a strip of this kind is excited at one end by a single induction shock, 
or by touching it with the point of a glass rod, the contraction which 


Fie. 12. 


springs up in response at the excited spot is propagated to the other 
end, And if the electrometer electrodes are applied, one near the seat 
of excitation, the other at the farther end, the curve obtained exhibits 
characters which are comparable with those exhibited by the normal 
ventricle when similarly excited. If in such a preparation the strip is 
subjected to pressure halfway between the proximal and distal elec- 
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trodes, the propagation of the wave of contraction is interfered with and 
delayed at the seat of pressure (partial injury), and in consequence it is 
completed later in the part beyond the block than it was before. This 
prolonged excitatory effect (Fig. 12, D) is seen to be divided into three 
parts. During the first the distal half of the strip has not been reached 
and acts as a mere conductor. During the third the proximal half 
having completed its period of activity, acts in its turn as a conductor 
only, As however the period of activity of the first part overlaps that 
of the second, there is an intermediate period during which both are 
active. The time which elapses between the arrival of the wave at the 
block (i.e. the second phase of the primary response) and the first — 
appearance of electrical change in the part of the strip beyond the 
block clearly indicates the time which the wave required to force its 
passage through the obstacle. During the second period, both halves 
being equally active, we should expect that the curve would, as is 
actually the case, indicate equipotentiality. | 

Just as the ordinary electrometer curve of the injured ventricle— 
that which is obtained when one of the electrodes is applied to a 
devitalised surface—can be satisfactorily interpreted on the principle of 
the diminished or.annulled activity of the injured part, so those minor 
degrees of injury which were studied in my former research, particularly 
those which are produced by the momentary approach to one of the 
contacts of a very small coil of thin platinum wire through which a 
current is flowing, can be similarly explained. By the method referred 
to, an injury can be inflicted of so slight a character that the effect 
passes off in a few seconds. It is then seen that the very marked 
though temporary diminution of the previous difference of potential 
(the injured part becoming relatively positive) does not appear until 
towards the end of the excitatory period. This I understand to mean 
that the effect of an injury may, according to its intensity, delay, 

diminish or annul the excitatory reaction of an injured part. 


CONCLUSION. 


The main conclusions to which our comparative study of continuous 
contraction and of physiological tetanus has led us are as follows :— 

In experimental tetanus as produced by repeated excitations, each 
excitation has for its effect the production of a Reizwelle in Bern- 
stein’s sense,—an excitatory-wave. If the muscle is excited through its 
nerve each excitation, as has been already stated, originates two excita- 
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tion-waves which starting in each fibre from the nerve-ending proceed in 
opposite directions to each other until they reach the ends of the fibre. 
In this way every muscular element is swept over by a wave as 
often as the nerve receives its excitations. The muscle is in a thrill of 
excitation, but there is no evidence that during the intervals between 
one wave and the next the condition even of an uninjured muscle is 
that of rest. It is more probable that its physiological state is altered, 
and that there is a corresponding difference in its electrical state which, 
although consequent on the excitation waves, is not part of them and 


cannot be identified with them. If so it must be supposed that this 


persistent physiological change affects every muscular element equally, 
so long as it is in a condition of unimpaired activity, and that for this 
reason it has, in an uninjured muscle, no electrical manifestations, all 
parts of the surface remaining as they were before excitation, equipoten- 
tial. In an injured muscle, we should expect the injured part to be 
less susceptible of change than the rest. And accordingly we find that 
if the injured and the uninjured parts are connected through a galvano- 
scope, and the difference of potential compensated, the injured surface 


is rendered persistently (i.e. not merely during the passage of the 


waves but in the intervals between them) positive. 

In those forms of persistent contraction which are produced by the 
continuous stimulation of a muscle through its nerve, or by repeated 
excitations of great frequency, there are excepting at first no excitation- 
waves, When as seen in several of our curves a wave appears at the 
outset, it is usually followed by others, of gradually diminishing ampli- 
tude. We cannot however attribute to these the persistent difference 
of potential, by which if the muscle is injured, the persistent state of 
excitation manifests itself. As this effect is never present in uninjured 
muscles and is always roughly proportional to the previous difference of 
potential between the contacts, it can be defined in the exact terms 
used by du Bois-Reymond in characterizing the “ negative variation.” 
It is an “ Abnahme des Muskelstromes,” in the sense in which he used 
that expression 46 years ago’. I should therefore wish to use the old 
word “negative variation” if it were not certain that it would be 
misunderstood. Feeling sure that its use would lead to confusion, I 
have recourse to the clumsy word “diminutional,” and call this 
persistent concomitant of continuous excitation in muscle the dimi- 
nutional effect. For notwithstanding that du Bois-Reymond’s 


_ original definition covers it, the phenomena are entirely different 


1 See Untersuchungen, Vol. 11, p. 57 onwards, 
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from those of the tetanic “negative variation” as described by du 
Bois-Reymond himself in his subsequent writings. The electrical 
effect thus designated as it presents itself in a muscle with leading off 
electrodes on natural surface and cross section is the integral of the 
galvanometric effects of a rapid succession of excitation waves and of 
the diminutional effect. That du Bois-Reymond regards the whole as 
diminutive makes it the more necessary to use a term of which 
the meaning cannot well be mistaken. 

The diminutional effect of continuous excitation appears to sink at 
once to its lowest level. This is indicated by the form of the curve, 
which is that which would be observed if an E.M.F. equal to the diminu- 
tion and in the same direction with it were introduced into the circuit. 
If the excitation is continued, it remains at that level for a very short 
time and then declines. It may persist after the excitation ceases, but 
this persistence has not yet been investigated. : 

The transient after-effect which follows the primary response to 
momentary stimulation (see Plate I. Fig. 1) resembles the persistent 
diminutional change in one important particular. It also is a decre- 
ment. It presents ‘itself only when there is a previous difference 
between the electrodes—a “muscle-current.” It is a diminution of 
limited duration the amount of which is comparable to the persistent 
diminution of the E.M.F. of the muscle-current. The relation between 
the two is plainly seen in the curves which are obtained when 
continuous excitation follows a single instantaneous stimulation of 
a “salted” nerve. It is then apparent that the beginning of the 
diminutional effect presents the characters of the after-effect which 
the same muscle would have exhibited had the nerve not been in an 
over excitable state. The curve exhibits an imperceptible transition 
from the one to the other, but, as we shall see, this affords no reason 
for surmising that they are dependent on each other. 

Just as the view which has been presented in the preceding 
paragraph of the persistent diminutional effect of continuous excitation 
corresponds with du Bois-Reymond’s original definition of “ negative 
variation,” so that which has to be given of the “ Reizwelle” or excita- 
tion-wave agrees with that of Bernstein and Hermann. This is 
illustrated by the latter in a diagram in which a muscular fibre is 
represented, which is crossed at a particular part by a black bar or band. 
The blackness means that the part is in a state of excitation of which 
relative negativity is the electrical expression. No theory is presented 
to us of the nature of the change which takes place as the black bar 
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makes its rapid progress along the fibre. All that is asserted is that the 
black part is negative in equal degree to the parts it is 
approaching and to those which it has passed over. In other 
words the wave presents electromotive surfaces in front and rear which 
look in opposite directions and these balance each other. The diagram’ 
(a) expresses all that Prof. Hermann intended. There are however 
two particulars of the excitation-wave which it does not show, viz. its 
relation to the excitation change of form and the after-effect. These 
may be represented as in (b), in which the fainter shading represents 
the after-effect. 

Inasmuch as the after-effect presents itself under the same conditions 
as the persistent diminution of the “ muscle current,” its absence in the 
excitation curve of the uninjured muscle has to be explained in the same 
way as the absence of the diminutional effect. For both, the explana- 
tion suggested is that the opposed electromotive forces which come into 
operation during the period which immediately follows the passage of an 
excitatory wave, compensate each other in an uninjured muscle, but do — 
not do so in an injured. Its amplitude is therefore roughly proportional 
to the degree of injury as indicated by the previously existing difference 
of potential between the leading-off electrodes. 

Let us now consider the bearing of this representation of the 
excitation-wave on the photographic curve of injured muscle, when the 
leading-off electrodes are on the middle natural surface and terminal 
injured surface respectively. The curve of a single excitation as we 
well know is a spike followed by a hump. The sharpness of the 
spike shows that the excitation-waves which are evoked by an in- 
stantaneous excitation of the nerve, start nearly synchronously and 
arrive at the region of injury at about the same time. Two effects 
must result in that region from their invasion. If the leading-off 
electrode covers some uninjured fibres, the waves in reaching them 
will render’ them negative, producing the notch following the spike, — 


_ and representing the positive phase of the normal response to mo- 


mentary excitation in uninjured muscle. If the leading-off electrode 
is so placed that it is only in contact with dead muscular substance, as 
e.g. when the cross section is a thermal one, there is no notch or a very 
shallow one. In the other case the notch is followed by the hump. 
What does this delay signify? The hump itself is, as we have seen, 
the expression of the diminution which the “demarcation. current,” 

ie. the difference of potential in the resting muscle between dead 

1 Handbuch der Physiologie, Vol. 1. p. 256, 3 
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and living substance, or rather as I should prefer to express it, between 


more injured living substance and less injured, undergoes in con- 


sequence of the arrival of the excitation-waves’. That the notch — 
should precede the hump evidently means that in the more or less 
injured part, the seat of the demarcation surface, the propagation of 
these waves is relatively much slower than along uninjured fibres. It 
is true that we have no observations as to the way in which injury 
affects the rate of propagation in the fibres of skeletal muscles, but 
abundant proof that in the heart it is retarded by the slightest injury. 
In tetanus the persistent diminutional effect on injured muscle is 
not due, as one might be disposed to believe, to any sort of summation 
of after-effects. This is plainly seen whenever, as in the observation 
to which Plate I. Fig. 1 relates, the tetanus is continued until each 
successive excursion starts from the same level. Notwithstanding that 


_ each spike is followed by a hump, there is no further diminution of the 


previous difference of potential between the two contacts. 

It will probably occur to such readers as may have reflected on the 
subject, that to attribute any excitatory effect to the diminution of any 
previously existing electromotive force is to admit the doctrine of 
pre-existence, for it involves the belief that muscle contains in every 


part of its substance constantly active electromotive elements. If in 


accepting this notion I am in error, I err in good company. Engel- 
mann in his recent papers has found it necessary to assume the 
existence in muscle of electrogenic elements. Hering attributes the 


- absence of “currents that can be led off” in uninjured muscles to 


the fact that in such muscles “das innere chemische Geschehen gleich 
ist.” This “Geschehen” is according to Hering capable of change in 
one of two opposite directions, and those parts in which the “auf- 
steigende Aenderung” is predominant become when both are excited 
positive to those in which the contrary is the case. As these variations 


1 IT am not quite sure whether Prof. Hermann would concur in this mode of describ- 
ing or stating what happens to the excitation-wave on arriving at an injured surface. 


Prof. Hermann teaches that in a muscle provided with a cross section, only two kinds of 


electromotive surfaces exist, both of which he calls Demarcationsfliche, viz. the Demar- 
cationsfliche between dead and living substance and those between excited and unexcited 
substance. In a muscle with leading-off electrodes as described in the text the tetanic 
“action current” is supposed to be the integral of the currents produced by the excitation- 
waves which pass under the proximal electrode during the time. What happens to each of 
these waves when it arrives at the end electrode? Are the electromotive forces which have 
their seat at the surface of 

of the excitation-waves? 
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of “Geschehen ” belong to the resting state as much as to the excited, 
it is clear that they are not connected with excitation exclusively, 
but that they are regarded as concomitants of assimilative or disassimi- | 
lative nutritive changes. Hering therefore recognizes “ pre-existence.” 
Biedermann also accepts it in so far as he adheres to Hering’s 
general principle’. | 


ADDENDUM. 


I have just received by the courtesy of Professor Einthoven, 
copies of two papers recently published by him in Pfliiger’s Archiv, 
one of which relates to subjects discussed in the preceding pages, viz. to 
the method of interpreting the photographic curves of the electrometer. 
As this subject has already been dealt with so completely by Mr Burch 
in his published papers, I was surprised to find that Prof. Einthoven had 
found it necessary to discuss it de novo and that in doing so he had 
made no reference to the work done in this Laboratory, I at first 
surmised that there might be something new in his treatment of the 
subject, but on reading the summary at the end of the first of the two 
papers it became at once apparent that the method described is 
essentially the same as ours—the difference consisting chiefly in the 
circumstance that for the purpose Prof. Einthoven has in view a very 
slow rate of movement of the recording surface is sufficient, and a 
simpler but less accurate mode of measuring the velocity of movement 
of the mercurial column. 

The question of method is in the present instance of very great 
importance, for the electrometer will henceforth for many purposes take 
the place of the rheotome. I gladly therefore profit by the oppor- 
tunity which the necessity of commenting on Prof. Einthoven’s 
paper affords me, to state shortly for the benefit of those who may not 
have leisure to spend time in studying details with which they are no 
longer familiar, the simple principles on which the use of the capillary 
electrometer for physiological purposes is founded. 

Given the photographic curve or record of a variation (Schwankung 
or series of Schwankungen) by what amount does the difference of 
potential (for which the letters p.d. may stand) between the terminals 
of the instrument which corresponds to any point P in the curve, 
exceed or fall short of the p.d. which existed at the beginning of the 
excursion? The difference in question is always the sum of two 


1 See Biedermann, Electrophysiologie, p. 301. 
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quantities, (the signs of which may be opposite or the same,) namely (1) 
the p.d. which corresponds to the distance between the initial position 
of the image of the meniscus and its actual position at the moment 
it attained the point investigated ; and (2) the distance which it would 
move from its actual position if the p.d. existing at that moment were 
to continue without augmentation or diminution. The last distance 
(called by Prof. Einthoven the “bleibender Ausschlag ” see Pfliiger’s 
Archiv, vol. 60, p. 100) varies as the velocity of the vertical movement 
of the mercury column at the moment corresponding to P. 

In our notation (1) is indicated by Ar (see Table on p. 133), and 
(2) by WV, each of which has its corresponding value in p.d. According 
to Einthoven, Ar becomes y and N becomes ». The p.d. required is 


aa , where a is the value in millimetres of > 55 Daniell. Con- 


sequently, at the start of the excursion when y=90, the p.d. is 2. We 


represent this initial p.d. by V xa constant which is the value in p.d. 
of one centimetre on the ‘subnormal’ scale of Mr Burch’s measuring 
table. 

The distance 7 or NV varies as the velocity of the movement of the 
meniscus at the time that corresponds to the point investigated, i.e. it 
represents the tangent of the angle of inclination. Figure 13 shows 
how it may be measured. Having drawn a straight line touching the 
curve at the point to be investigated, complete the triangle PTB, of 
which the base PB is constant, and measure the distance 7'B. This 
serves as the index of slope and is called by Einthoven y. Our plan 
is to draw a normal to the curve at the point P and to measure the 
corresponding side NC of the right-angled triangle PNC, of which the 
base is at right angles to the base of the first. It is obvious that 
whatever be the inclination of P7;, it is expressed by the length of NC, 
provided CP remains of the same length. 

Even in investigating curves with rectilinear weenie (see note 
on p. 134) this method is superior, because the normal to any point ina 
curve can with the aid of the table and the optical method described on 
p. 131 be determined more accurately than the tangent; but it is when 
it is applied to curves projected on the surface of a revolving disk, such 
as that of the pendulum, of which the coordinates are polar, that its 
great superiority is manifest; for in that case, as the figure will make 
plain, when e.g. in consequence of the greater proximity of the point 
investigated to the centre of the disk the velocity which before was 
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represented by the slant P7' comes to be represented by the slant P’7”, 
the measurement of NC remains unaltered. It was this cir- 


c 


Fie. 13. 
cumstance which, as before explained, Mr Burch took advantage of in 
the construction of his measuring table. 

By whatever way the velocity of movement of the vertical movement 
of the mercurial column at any point is accomplished, the value of the 
result in p.d. must be got at by reference to the “normal curve” (see 
Mr Burch’s paper published in 1890) or Einthoven’s “Constanten- 
curve.” In the diagram the broken line represents this curve as it 
would have been drawn on the same recording surface (under conditions 
corresponding with those of the experiments) if at the time correspond- 
ing to P a known p.d. existed between the terminals (say ;}, volt) 
and remained without augmentation or diminution, until the mercury 
column came to rest at a position corresponding to the horizontal line 
in the diagram, with which the curve blends—the asymptote. This 
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being so, the distance in millimetres of the asymptote from the base | 
line would be the equivalent in millimetres of +4, volt. 

I trust that it will be understood that I do not question the 
_ suitableness of Prof. Einthoven’s arrangement for the special purpose 
he had in view—the investigation of a process of such long duration as 
the “variation” of the beating heart. My objection is not that the 
method is defective but that, being essentially the same as ours, it has 
been set forth as new. 

I may add that for the analysis of the rapid changes which occur in 
muscle I cannot see that our method can be improved, and that the 
pendulum and the measuring table and most of the accessory apparatus, 
with the exception of the optical parts, can be made by any mechanician 
of moderate skill. 
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ON THE ESCAPE OF THE HEART FROM VAGUS 
INHIBITION. By THEODORE HOUGH, PhD. (Four 
Figures in Text.) 


(From the Biological Laboratory, Johns Hopkins University 
of Baltimore, U.S. A.) 
CONTENTS. 


Section 1. Introductory. The escape of the heart from vagus in- 
hibition is not the result of exhaustion of the fibres of the vagus 


nerve. 
Section 2. The efficiency of inhibition varies inversely with the vigour 
of the heart. 


Section 3. Technique of experiments. Description of the typical 
curves of escape for the terrapin, dog, rabbit, and cat. 
Section 4. The heart escapes, no matter how slight the initial 
slowing. 
Section 5. Rapidity of recovery by the inhibitory mechanism of the 
power to produce stand-still. 

Section 6. Relation between the strength of stimulus and the curve 
of escape. 

Section 7. On alternate stimulation of the vagi. 

Section 8. Summary. 


1. Inrropuctory. THE ESCAPE OF THE HEART FROM VAGUS 
INHIBITION IS NOT THE RESULT OF THE EXHAUSTION OF THE 
FIBRES OF THE VaGcus NERVE, 


Why does stimulation of the vagus nerve fail to keep the heart of a 
mammal at stand-still? This question has been frequently asked and 
has received various answers. It was formerly supposed that the fibres 
of the vagus are in some respect different from other nerve fibres in 
that they are more easily exhausted by stimulation; this exhaustion 
has, moreover, been attributed either to the continued conduction of 
nervous impulses to the end organ or to a loss of irritability at the 
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point of stimulation. The work of Wedenski, Bowditch, and others 
has, however, rendered very improbable the possibility of rapid ex- 
haustion of a medullated nerve fibre, and the following experiment 
shows that this is not the explanation of the phenomenon under dis- 
cussion: five or more centimetres of the cervical vagus are prepared 
and the peripheral portion laid in a metal trough, which can be cooled 
by a stream of water flowing around it; having determined the 
efficiency of inhibition, the peripheral portion of the nerve is cooled to 
the neighbourhood of 0° C., by which it is rendered non-conductive; the 
nerve is then stimulated centrally of this point for five or ten minutes ; 
on warming the cooled portion of the nerve (by replacing the stream of 
cold water with one of warm water) it is found that the heart is brought 
to rest and remains inhibited as long as during the previous stimu- 
lation. 

Here the nerve was evidently stimulated a much longer time than 
is ever required in the dog for the appearance of escape; it could fot 


have been injured appreciably at the point of stimulation, and the -— 


conduction of impulses from this point to the cooled portion (over an 
inch intervened between the electrodes and the trough) could not have 
produced any exhaustion. In other words, so long as the inhibitory 
fibres remain fine medullated fibres of the vagus nerve they can be 
tired out neither by stimulation nor by conduction. 


2. Tue EFFICIENCY OF INHIBITION VARIES INVERSELY WITH THE 
; VIGOUR OF THE HEART. 


It is frequently stated that the more vigorous the heart the easier 
it is to bring about inhibition, and this seems to have been believed 
ever since the inhibitory action of the vagus was known. One reads, 


- for example; in one of the best text-books of physiology in the English 


language: “ When the nerve and the heart are in good condition, it 
needs only a slight stimulus, a weak current to produce a marked 


effect, and it may be mentioned that the more vigorous the heart, the more 


rapidly it is beating, the easier it is to bring about inhibition.” 

I am not aware of the experiments upon which this statement is 
based, nor do I forget that it is made with reference to an animal (frog) 
upon which I have not worked, and whose cardiac vagus is peculiar in 
containing accelerator fibres. I am sure, however, that in the cat and 
the dog the more vigorous the heart, as shown by the pulse and blood- 
pressure, the more difficult it is to cause inhibition, 
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The comparative efficiency of vagus inhibition in strong and weak 
hearts respectively may be measured in several ways: (1) by the extent 
of slowing produced ; (2) by the length of time the heart, if stopped, is 
held at stand-still; (3) by the —T or extent or both of escape 
during prolonged stitanlation. 

Whatever method be used we may either compare two animals, one 
of which apparently has a weaker heart than the other, or we may 
compare during the course of the same experiment the same heart 
under different conditions. It is seldom possible to keep an animal for 
two or three hours after the operation in exactly the same condition as 
regards rate of beat and pressure; it generally happens, especially in 
the case of cats, that there is a gradual weakening of the heart; the 
pulse will fall from 180—200 per minute to 120—140, and this will be 
- accompanied by a fall of blood-pressure. It is fair, I think, to suppose 
that such a heart is not so vigorous at the end of the experiment as it 
was at the beginning. On the other hand it sometimes happens that 
the heart becomes more vigorous as the experiment progresses; the 
morphia, for instance, given to a dog as an anesthetic may be an | 
overdose ; so that at first (1.e. some two hours after the injection) the 
heart is beating feebly and slowly; gradually toward the end of the 
experiment (one to two hours later) as the morphia is excreted a gradual 
improvement is noticed in the pulse. 

It should, perhaps, be said that I have not specially investigated 
the question which is under discussion in this section of my paper; at 
the same time I think it can be shown that the numerous experiments 
with different strengths of current and upon animals in different con- 
ditions of nutrition, although made with other objects in view, afford 
unquestionable evidence on this point. 

First, then, as to the extent of slowing with the same strength of 
stimulation in vigorous and weakened hearts respectively. Perhaps the 
best evidence of this kind is afforded by experiments upon cats. Ina 
strong, healthy cat with the normal blood-pressure (120—180 mm. of 
mercury) and pulse (27—-32 beats per ten seconds) it is almost, if not 
quite impossible to stop the heart by stimulation of one or both vagi 
with any strength of current whatever. I had made some twenty 
experiments on cats before a single case of stand-still occurred ; usually 
upon stimulation blood-pressure falls for one or two seconds, but before 
complete diastole has occurred the beats recommence and the escape of 
the heart is comparatively rapid. For a full account of the conduct of 
the cat’s heart during prolonged stimulation see page 183. 
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This is what always happens, unless for some reason or other the 
heart has been weakened; when, however, as the result of too much 
ether, chloral, or paraldehyde, or from any other cause the pulse is slow 
and more or less feeble, stimulation of the vagi is much more effective ; 
the slowing of the heart and the fall of blood-pressure are more pro- 
nounced, the rate remains at a lower level; and in some cases quite 
prolonged stand-still is produced. This result is so constant, there not 
being in all my work a single exception to it, that I have given it as 
the first reason for believing that the weaker the heart, the more feebly 
it is beating, the more effective is vagus stimulation. 

Experiments 41 and 46 may be cited as cases in point. 

In experiment 41, 24 grammes of paraldehyde dissolved in 60c.c. of 
water were injected into the stomach; this was not quite sufficient to 
produce unconsciousness, so that a little ether was added; both vagi 
were cut and one or the other stimulated. As frequently happens with 
the cat, moderately strong stimulation: with its resulting systemic 

- changes brought about a loss of irritability of the cord and medulla, so 
that the animal ceased breathing and artificial respiration had to be 
used ; by this means the animal was kept alive for more than an hour ; 
both the rate of beat and the blood-pressure, however, remained low, 
indicating an enfeebled condition of the heart. Stimulation of one 
vagus under these conditions with strong or moderately strong currents 
was quite effective, as the following figures show; the pulse and pres- 
sure are given for each ten seconds. These figures should be compared 
with the results obtained on cats whose hearts were beating with 
normal force and frequency. 
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Time 

Fractions 

nt | Ho, hrs. min. secs. | in secs. Rate: | Pressure — 

30 5 ll 49 | Lat 10 
5 35 

40 10 31 

He, 3 45 30 15 44 

40 | 18 45 | Off 

i I III | 3 50 20 18 62 

He $ 51 30 22 | 68 

40 22 69 Of 


4 
| 
| 
{ 


ESCAPE FROM VAGUS INHIBITION. 


Time 
No. rg Rate | Pressure Remarks 
IV > 86: 0 19 89 
s | 63 | Rat 10 
5 50° «++ 
30 9 43 
50 62 Off 
x 4 42 40 20 82 
50 6 42 R at 6 
4 6563 6 50 
4 55 2 16 59 
30 16 63 
40 20 69 Off 


The results of most experiments are given in this form ; the first column 
gives the number of the tracing in the experiment; the second, the time ; 
the fourth, the pulse ; and the fifth, the pressure. The time is given in periods 
of ten seconds ; if for any reason it is advisable to give the rate and pressure 
for shorter periods of time this is indicated by the third column, which gives 
the fractions (in seconds) of that ten seconds. Thus in the second tracing of 
the above.experiment the figures indicate that between 3hrs. 44mins. 30secs. 
and 3hrs. 44mins. 40secs. the heart gave eleven beats; that during the first 
five seconds of this period the average blood-pressure was 49mm. of mercury, 
and during the second five seconds 35 mm. of mercury. | 

In subsequent protocols it is to be understood that the period of stimula- 
tion is indicated in the last column, and that the stimulation is continued 
until some change is indicated in the same column. Thus 3.45.20, L at 6 
means that at 45mins. 20secs. past three o'clock the left nerve was stimulated 
with the secondary coil of the induction apparatus 6 cm. from the primary 
coil. KR means that the right nerve is stimulated; B that both are simul- 
taneously stimulated. Cessation of stimulation is indicated by “Off.” | 


Tracings 5, 6, 7, 8, and 9 of the above experiment give similar 
results to those shown in the table. In all cases the amount of slowing 
is much greater than occurs ordinarily in vigorous animals. 

In experiment 46 a small cat was kept under the influence of ether 
during the operation, which the animal did not stand well; so that, — 
although after the operation no ether was administered, not even the 
lid reflex was present. Artificial respiration. The pulse gradually sank 
from 21 to 14 beats per ten seconds, while the pressure at all times 
(largely due to failure of the vaso-motor centre to maintain the tone of 
the small arteries) was very low. More unfavourable conditions could 
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not well be desired; and the following figures will show that vagus 
stimulation was able in all cases to stop the heart. 


Fractions' 
No. Pressure Remarks 
I 


3.24.20 R at 8 


3.26.10 Off 


4.23.10 R at 8 


*3+ 
8 
9 4.28.30 Off 

12 | 

* 34 means that between 8 and 34 beats were given; 4- between 34 and 4 beats; a 
beat being measured between any two corresponding points of the cardiogram. 
Tracings 4, 5, and 6 gave similar results. 
For convenience of reference I insert the results of a typical tracing 
taken from a vigorous cat. 


Exp. 22. Ether; both vagi cut and stimulated. 


Fractions| 
ITI 


3.25.30 B at 64 


In what has just been said the efficiency of vagus stimulation in 
strong animals has been compared with that in weak ones, and it is 
evident that it is possible to greatly slow or even stop the heart of a 
weak animal by the use of a stimulus which in a vigorous animal is 
unable to do more than cause a comparatively slight and transient 
slowing followed by a rapid and almost immediate escape. 

We now pass to a comparison of tracings taken from the same 
animal under different physiological conditions but during the same 
experiment. It should be remembered at the outset that the unavoid- 


20 0 
| 30 0 
40 14 
3... 36 17+ 
10 18 
20 19 
| VII 4 23 14 
10 | 0 
20 0 
3 0 
| 7 9 
| 
| 
| 30 9 80 
4 40 12 82 
| 50 17 93 
3 28 10 23 126 
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able presence of secondary factors or of slight experimental errors may 
at any time obscure the effect of the condition of the heart; such 
secondary factors are variations in the contact of the nerve with the 
electrodes, or of the strength of current in the primary circuit, or of the 
condition of the nerve itself; consequently we are not justified in 
comparing tracings, differences of which in rate and pressure are 
comparatively slight (say 5—20 beats per minute); it is only when the 
difference is considerable that we can expect the effect of the condition 
of the heart always to be apparent in the graphic record. Such com- 
parisons leave no room for doubt. 

Let us consider those experiments where a heart at first strong and 
vigorous became either suddenly or gradually weaker while under 
observation. During experiment 24 the first tracing gave the following 
result : 


Time 
No. Rate Pressure Remarks 
I $3 50 29 98 
10 9 50 3.50.10 L at 8 
20 14 56 2 
30 — 78 
40 23 80 
3 51 20 80 


Shortly after taking this tracing the cat went too deeply under the 
influence of ether and could be kept alive only by the use of artificial 
respiration ; blood-pressure during the rest of the experiment was very 
low (50—60 mm. of mercury). It was then found that in the three 
subsequent tracings the strength of stimulus used above stopped the 
heart. This is a striking instance of the influence of the condition of 
the heart upon its sensitiveness to inhibition ; the difference in vitality 
is very marked, and stimulation of the vagus shows a most marked 
increase in efficiency as the heart beats less vigorously. 

Experiment 44 is even more striking; this cat gave three approxi- 

‘mately normal tracings; after the third the irritability of the vaso- 
motor and respiratory centres was more or less impaired. Artificial 
respiration. Tracings 5 and 6 taken from this period show that the 
rate and blood-pressure had been lowered, and the slowing is much 
more pronounced with the same stimulus, After taking the seventh 
tracing too much ether was given, and there was a still further fall of 
pulse rate and pressure, both of which were now at a very low level 
(98 beats per minute and 57 mm. Hg. respectively); stimulation with 
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the weaker of the two currents previously used now caused complete — 
stand-still, which lasted for 52 secs., and it was not until the expiration 
of six minutes that the heart was able to give even three beats in ten 


seconds. 


Besides such cases of sudden collapse there are others where during 
a long experiment the heart-beats steadily decline in rate and force. 
No matter how gradual this decline may be, 1 have not seen a single 
case where the efficiency of inhibition did not correspondingly increase. 
A striking example of it is found in experiment 29, which is given ; at 
least six others show the same thing. 


No. 
II 


Vil 


3 


Time 


55 


57 


54 


20 
30 
40 
50 


Fractions 
in secs. 


Remarks 


3.55.30 B at 6} 


3.57.10 Off 


4.3.20 B at 6 


4.8.30 Off 


4.11.50 Bat 7 


4.18.10 Off 


4.25.40 B at 6 


4.26.20 Off 


4.54.10 B at 6 


38 180 
q 12 114 
21 135 
3 25 156 
10 
473° 8 35 178 
4 20 15 120 | 
30 14 120 
3 40 22 155 
4 3 4 8 20 24 162 
30 25 166 
40 31 176 
4 4:1) 32 168 
50 13 146 
: 4 12 12 106 
q 10 18 120 
4 20 20 128 
; 4 18 17 102 
10 
Vv 4 25 3 32 163 
40 10 | 
50 10 90 
i 4 26 18 96 
i 10 22 138 
20 
q 10 5 58 a 
: 20 6 53 
j 30 10 66 
40 ll 70 
: 50 12 72 
3 4 56 40 13 92 
50 4.56.50 Off 
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As already said, it occasionally happens that the beat of the heart 
improves as an experiment progresses; the shock of the operation or 
some other cause may for a time exercise an injurious influence which 
gradually wears off, so that the heart comes to beat more rapidly and 
blood-pressure rises. In some of these cases the experimental procedure 
was such that the efficiency of inhibition could be compared in different 
tracings, and this was found to diminish as the condition of the heart 
improved. Two such experiments are 30 and 48, both on dogs. 

In the former the rate increased from 20 to 25 or 26 beats per ten 
seconds, The rise of blood-pressure was even more marked. At first 
the heart could be brought to rest with the secondary coil at 13 cm. 
After the improvement in its rate and force of beat stand-still could 
not be produced with the secondary coil more than 74cm. from the 
primary. 

Experiment 48 was upon a young dog, and is noteworthy since (in 
consequence of the age of the animal ?) it was almost impossible to stop 
the heart. Tracings 6 and 10 were each taken with the secondary coil 
at 6cm. from the primary. | 


VI 3 34 10 27 115 
20 sf 3.34.20 R at 6 
30 4 0 
6 2 
40 3 
50 5 
3 37 40 13 
60 20 3.37.50 Off 
x 5 0 20 38 130 
30 18 5.0.30 R at 6 
40 19 
5 2 650 24 135 
5 3 4 10 
: 6 18 5.3.5 Off 
10 35 130 


Of course it may be objected to these results that what has been 
attributed to diminished efficiency of inhibition is only the result of the 
loss of a certain amount of irritability in the nerve consequent upon 
exposure or other insult; without denying that this factor plays some 
part, it must be remembered that the necessity of increasing the 
stimulus to produce the same effect occurred in every experiment of 
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the kind whose tracings can be compared; and, I may add, never was 
it found necessary to do this in the many cases where the opposite 
change of condition occurred. 

We may also measure the efficiency of inhibition by the duration of 
the initial slowing or stand-still; other things being equal we should 
certainly consider that inhibition the more effective which is able to 
maintain itself the longer time. 

We have seen that in the vigorous heart of a cat escape is almost | 
immediate, no matter what strength of current be used, and, as a 
general thing, by the end of twenty seconds after stimulation the heart 
is beating very much more rapidly than it did during the first three 
seconds. This curve of escape for the cat is very constant and charac- 
teristic. Reference to the tracings of the hearts of weak cats that have 
already been given will show that for twenty seconds or more there is 
little or no escape; this delay in the appearance of escape is as charac- 
teristic in these hearts with less rapid beat and lower pressure as is the 


~ early appearance of the same in strong hearts. 


In the dog, on the other hand, it is almost always possible to bring 
the heart to rest for twenty seconds or more, although the strength of 
current required to do this varies in different individuals; so that we 
may consider the duration of stand-still as affording a measure of the 
efficiency of inhibition. In doing so, however, the same caution applies 
which has already been given in the discussion of a similar case; we 
should choose for comparison only hearts which are in decidedly 
different conditions, so that we may be the more assured that the 
differences in the duration of stand-still are to be traced back, partially 
at least, to the condition of the heart, and are not the result of other 
factors. 

It is indeed found that if only those cases are considered which 
differ but slightly from one another the relation in question does not 
appear at all; but if we compare tracings which show decided differ- 
ences the following is found to be true: long stand-stills are the rule in 
weak hearts, comparatively rare in strong, and especially so in young 
ones; moreover instances of slight efficiency of vagus stimulation occur 
only in vigorous hearts. | | 

Beginning with the last statement I find that only in experiments 
3, 9, and 48 was vagus stimulation unable to cause stand-still in the 
dog. In all these cases while there was not a remarkably high blood- 
pressure nor rapid pulse there was throughout the whole experiment a 
thoroughly normal pressure and rhythm; nor is the presence of a 
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supra-normal rate and pressure a fair test of an exceptionally vigorous 
heart, especially when they are considerably above the normal ; a rapid 
rate may result from accelerator influence and a high pressure from 
over-constriction of the systemic arterioles, either of which throws extra 
work upon the heart and so must more or less weaken it; the main- 
tenance throughout a long experiment of a steady rate of 22—25 beats 
per ten seconds and of a blood-pressure of 116—130 mm. of mercury is, 
it seems to me, a good sign of a vigorous heart; and this was present 
noticeably in experiments 3 and 9; in experiment 48 the rate was 
somewhat higher, 26—28 beats per ten seconds—probably connected 
with the fact that it was a young animal. 

It is thus seen that every case where stand-still could not be 
produced gave indications of a healthy, vigorous heart; this is not the 
same thing as saying that vigorous hearts are always hard to inhibit, 
for some long stand-stills occur with such hearts; unquestionably there 
are other factors than the nutritional condition of the organ at work to 
which we must look for the complete explanation of the results; the 
importent point is that the failure to inhibit occurs only in vigorous 
hearts, while weak ones can always be brought to a comparatively long 
rest. 

_ Before leaving this part of the subject I should, perhaps, mention 
an interesting fact which becomes more or less intelligible if weaker 
hearts give longer stand-stills; in dogs the initial stand-still is almost 
always of much shorter duration than any subsequent one; it is as if 
the stoppage of the heart with the concomitant respiratory and other 
changes exercises an injurious action upon the organ, so that, so, 
to speak, it is unable to escape so easily from inhibitory influences. 

Little need be said of the relation of the condition of the heart to 
the curve of escape, since such curves are not easily compared with one 
another; there is, however, one point which should be mentioned ; 
when during the course of two hours the vagus nerve has been 
stimulated six or eight times, for ten minutes more or less each time, it 
frequently happens that the heart seems unable to escape successfully 
from inhibition ; at first there is what promises to become the regular 
curve of escape; ze. the heart is gradually gaining in frequency and 
force of beat; or, having ceased to do this, is pulsating with a regular 
and even rhythm; suddenly the beats become more infrequent, finally 
perhaps ceasing altogether for ten or more seconds; after this escape 
occurs again, and this escape may be followed by another period of 
total inhibition ; in such cases blood-pressure rises only slightly during 
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escape, and the impression is made, when one examines such curves, 
that the mechanism of the heart-beat cannot maintain itself against 
the inhibitory impulses. These curves will be described more in detail 
in another part of this paper; whatever may be their true explanation 
they indicate great efficiency of the inhibitory impulses, and occur 
only toward the end of a long experiment, when the heart is presumably 
weaker than it was at first, or else with the use of very strong stimuli. 
The conditions of their appearance afford very strong evidence that a 


weak heart is more easily inhibited than a strong one. 


To recaprtulate the arguments adduced in the above discussion :— 
1. In the vigorous heart of the cat no strength of stimulation can 
cause great slowing, while in a heart which has been appreciably 
weakened the slowing produced is always decided, and frequently 
amounts to stand-still. 2. When the heart of the same animal 
becomes gradually or suddenly weaker in the course of an experiment 
a decided increase in inhibitory efficiency is noticed; conversely, when | 
the heart becomes stronger during the same experiment, strengths of 
stimulation which at first were able to cause stand-still are no longer 
able to do so. 3. Other things being equal, the duration of stand-still 
or of a certain amount of inhibition is greater in weak hearts than in 
strong ones. 4. The heart of a dog or a cat, weakened by repeated 
inhibitions, very frequently toward the end of the experiment shows 
itself unable to escape effectively to a regular rate and force of beat. 


8. TECHNIQUE OF EXPERIMENTS. DESCRIPTION OF THE TYPICAL 


CURVES OF ESCAPE FOR THE TERRAPIN, THE DoG, THE RABBIT, 
AND THE Cart. 


It may be well before going farther to attempt a general description 
of the curves of escape, or, what amounts to the same thing, the effects 
of prolonged stimulation of the vagus upon the blood-pressure curve, as 
studied in different animals. 

My experiments were made upon four animals; the terrapin, the 
dog, the rabbit, and the cat; and one object of this section of my paper 
is to emphasize the differences in the conduct of these animals under 
prolonged stimulation. Meyer’ showed that in cold-blooded animals, in 
general, vagus inhibition is more effective than it is in warm-blooded 
animals, In snakes he was able to hold the heart at stand-still for 
half-an-hour or more; and in one experiment on Clemmys decussata 


1 A.B. Meyer. Das erv tem des Herzens. Berlin, 1869. 
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(Bell), a large turtle from the Antilles, he was able by stimulation of 
both vagi together to bring about uninterrupted stand-still for an hour ; 
on ceasing the stimulation the heart again began to pulsate. In other 
experiments on terrapins and turtles he notes spontaneous beats as 
occurring after a stand-still of ten or more minutes. 

I have made experiments upon Pseudemys mgosa, and one experi- 
ment on a species of Chrysemys. From Meyer's account one is led to 
think that these long stoppages unbroken by any spontaneous beats 
are the exception among the Chelonia. In every one that I worked 
with, however, there were absolutely no spontaneous beats for an hour 
or more; and I am inclined to believe that where proper precautions 
are taken to keep the nerve irritable and conductive there is no escape 
whatever from inhibition. In one case I observed a heart for an hour 
and a half, during which time there was not the slightest sign of a 
spontaneous beat. From the fact that I have not failed in a single case 
to prevent escape in these animals, I am inclined to think that, if the 
experiment be properly conducted, it does not oni at any rate it 
must be excessively late in making its appearance’. 

Certainly it is among warm-blooded animals that the phenomenon 
is best developed, and it is especially as it occurs in the dog and cat 
that it will be studied in this paper. As the technique of experiment 
was about the same in all cases, this may be described here. The 
animal was tracheotomized in order the more easily to regulate the 
anesthesia. The anesthetic varied. Dugs usually received a sub- 
cutaneous injection of 1/10 gr. morphia over an hour before the 
experiment; this was followed by a little ether during the operation. 
Control experiments were made with ether alone ; in some the morphia 
alone seemed sufficient and no ether was used, the results being, so far 
as I could discover, the same whether one or another of these 
anesthetics was employed. 

With cats, ether alone was generally employed ; the only objection 
to its use lies in the difficulty of controlling the amount given; other 
drugs, especially chloral and paraldehyde, which were tried as 
substitutes, proved unsatisfactory. 

_ The use of curari was avoided, partly because of the danger of 
affecting the inhibitory apparatus by an overdose, and partly because it 


1 The above was written before I was aware of T. Wesley Mills’s work on the same 
subject (see this Journal, v1. 255. 1885). Reference to his paper will show that my work 
is a repetition and confirmation of his. It is interesting to note that by stimulation of 
one vagus he held the heart of a terrapin in diastole for four hours and a half, 
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is impossible to control the ansesthesia after the drug has taken effect. 
It is important to know the condition of the animal in this respect, 
for it is clear that the danger of producing a hyperexcitable central 
nervous system, especially a hyperexcitable vaso-motor centre, should be 
avoided as far as possible; otherwise the blood-pressure tracing cannot 
be relied upon to give us accurate information of events taking place in 
the heart itself; and this can be avoided only by the proper use of 
anesthetics. I have always found that during partial consciousness 
escape, especially of blood-pressure, is very rapid. The long periods 
of very low blood-pressure in the medulla resulting from the slowing 
or total arrest of the heart-beat we know cause dyspnea, with its 
concomitant vaso-motor changes; and it is necessary to eliminate this 
factor as far as possible not only by guarding against hyperexcitability 
in the medulla but even by lowering its irritability below the normal. 
The blood-pressure tracing, taken in the usual way by means of a 
mercury manometer and a Ludwig’s kymograph, was relied upon for 
the graphic record. It should perhaps be mentioned that a 27°/, 
solution of magnesium sulphate was used in the pressure bottle. 
Usually both vagi were cut; sometimes only one; the former 
method is preferable for the study of escape since the curve is not 
- influenced by inhibitory impulses passing down the other nerve; this is 
of importance, for instance, when one wishes to compare the curves of 
escape when different strengths of stimulation are used. The nerve 
was stimulated from a Du Bois Reymond coil, which usually had a 
large bichromate cell in the primary circuit. In the first fifty-four 
experiments shielded electrodes were used; the nerve therefore lay on 
two platinum wires ; the results obtained, however, were unsatisfactory and 
gave much trouble from the impossibility of obtaining uniform contact 
of the nerve with the platinum; the presence of a greater or less 
amount of normal salt around the nerve would sometimes escape 
detection and short-circuit a part or in some cases practically all the 
current from the nerve. Moreover, as suggested by Gotch and 
- Horsley’, a nerve should always be stimulated by placing the 
electrodes on opposite sides, so that the current must go transversely 
through it. In accordance with this suggestion I had made for this 
purpose a special pair of electrodes. They consist essentially of a 
vulcanite bed, one end of which can be made fast in the clamp of a 
universal holder, and so the whole electrode may be placed in any 


1 «The Mammalian Nervous System,” Phil. Trans. of Royal Soc. of London, Vol. 
182 8. 1891, p. 301, 7 


4 
Ls 
A 
i 
A 
4 
3 
a 
4 
/§ 
‘a 
A 


ESCAPE FROM VAGUS INHIBITION. 175 


desired position; a second piece of vulcanite works by a hinge joint 
upon the first, a light spring holding it down, so that the nerve, which 

- lies between them, is in good contact with both beds but is not injured 
by crushing; a platinum wire is placed on one side of the upper surface 
of the lower bed, and a second on the opposite side of the under surface 
of the upper bed; these wires are the electrodes and the nerve is 
between them; any current must go through the nerve from one side 
to the other and so affect every fibre of it equally. The distance 
between the two electrodes is about six millimetres. 1t is much easier 
to keep these hinged electrodes free from too much moisture than the 
ordinary shielded ones, and one is able to judge fairly accurately from 

_ the position of the secondary coil the comparative strength of stimulation, 
knowing that the contact of the nerve with the platinum is about the 
same in all cases. 

The nerve was kept moist with normal salt solution, in which it lay 
except during stimulation. Usually the animal was placed in a warm 
chamber after the completion of the operation; the temperature of this 
varied from 20° to 25° C. 

The chief points which required attention during the experiment 
were the anzsthesia, which was kept as far as possible just at the point 
of disappearance of the lid reflex, and the proper contact of the nerve 
with the electrode, including the prevention of any change of position 
on the same. | 

- With these remarks on general technique the curves of escape as 
seen in dogs, rabbits, and cats may be now described. It has already 
been said that it is very difficult to cause stand-still in the heart of a 
healthy cat, and associated with this is the rapid and extensive escape 
from the initial degree of inhibition. In the dog and rabbit, on the 
other hand, strengths of current which are at first able to produce | 
stand-still permit of only a partial recovery of blood-pressure and of a 
still less complete recovery of rate; A. B. Meyer records the case of a 
dog where pulse was kept for one hour at the very low rate of sixty 
beats per minute by continued stimulation of both vagi; such a thing 
is not exceptional in narcotized dogs; on the contrary it is the rule. 
The heart of a cat whose vagi are subjected to the same strength of 
stimulation would certainly escape in that time to a much higher rate. 
The difference between the two animals, however, is one of degree and 
not of kind; the curves of escape in the two cases are essentially the 
same, that of the cat passing through its phases more rapidly than that 
of the dog. | 
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When the vagus of the dog is stimulated with a sufficiently strong 
current to produce stand-still, escape takes place sooner or later. This 
is usually described as being ushered in by beats of regularly increasing 
frequency ; and at times this does occur, especially with impulses which 
are just strong enough to stop the heart; it is not, however, an accurate 
account of what usually happens. The more usual curve is where 
there are at first a few beats, quite far apart, and the interval of time 
separating them may be diminished with each new pulsation or not; 
sometimes the tracing is quite irregular in this a" Take, for 
instance, the following : 


Exp. 57. Tracing 8. 11.17.20—11.17.30 a.m. The heart gave twenty- 
nine beats and the blood-pressure was 144 mm. of mercury ; both vagi cut. 

11.17.30 _— vagus stimulated with secondary coil at 11cm. ; heart 
stops for 87 t sec. ; then escapes as follows—the eed in seocuics is given. for 
each successive : 


253, 7, 16}, 21, 24, 15, 53, 123, 4 


It may be said that this irregularity is caused. by the very long 
initial stand-still and the profound nutritional changes introduced into 
the heart thereby. I do not know but that this is true; in point of 
fact, the above figures are from the last tracing of a rather long 
experiment; at the same time similar results are obtained when there 
- are not such long initial stand-stills and from the earlier tracings of an 
experiment; thus in experiment 56, tracing 2, with both vagi cut, a 
pulse of 28 beats in ten seconds, and a blood-pressure of 135 mm. of 
mercury, the right nerve was stimulated with the secondary coil at 
12 cm.; during the first 44 seconds of the fall of the blood-pressure 
curve the heart gave two beats; then followed: none for 21 seconds, 
then at intervals of 104” one; 114” one; 144” one; 10” one beat. 

Whatever be its explanation, this result is seen in perhaps half the 
cases of escape from complete stand-still. 

Examples of more regular escape are :— 


Exp. 10. Tracing 1. Both vagi cut; left stimulated with secondary coil 
at 7 cm.; a stand-still of 40 seconds, thei beats at intervals of 18, 13 and 
4 

Exp. 21. Tracing 5. Both vagicut. Left stimulated. Then beats in 
24, 11, 7, 6, 6, 3 seconds. 


These regular or irregular, but always infrequent heaie may be 
conveniently spoken of as constituting the first period of escape. In 
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most cases the character of the curve suddenly changes to that of the 
second period in which the heart beats regularly and much more rapidly. 

Escape then may be said to be ushered in in one of three ways; 
(1) by the usual curve, showing the sudden change from the first 
to the second ; (2) by the curve in which there is no sharp distinction 
between the two periods; (3) where the first period is lacking alto-— 
gether, the heart passing directly from stand-still into the second period. 

Whatever be the way in which escape begins, in the vast majority 
of cases the blood-pressure tracing is sooner or later a regular curve, 
the rate of beat and blood-pressure gradually increasing to a 
certain point, after which it remains approximately constant. 

In weakened hearts, on the other hand, after a certain number of 
such regular pulsations a beat seems to be dropped; there then’ follows 
a certain number of regular beats; after which another beat is: dropped; 
and this may continue for a longer or shorter time; usually it gives 
place to the regular curve; sometimes it continues throughout the 
whole-period of stimulation. 

Some time before the end of a long stand-still the low blood-pressure 
has influenced the vaso-motor centre, causing it to send out powerful 
constrictor impulses ; this is seen in the slight rise which usually occurs 
on the tracing of stand-still; the vascular system is normally overfilled 
with blood and the great constriction of the arterioles by diminishing 
the capacity of the whole system is able to make itself felt in the 
manometer. This probably explains why, when the regular and com- 
paratively frequent beats of the second period of escape begin, blood- 
pressure is a little higher for from ten to thirty seconds than it is for a 
minute more or less afterward. At the same time the pulse also is 
quicker than it is subsequently, although this increase in rate is by no 
means so constant as the increase in pressure; sometimes both are 
absent ; it would seem that both are the result of dyspnoea or other 
secondary influences upon the heart on the one hand and upon the 
arterioles on the other. 

After the first ten or twenty seconds of the second period of 
escape blood-pressure generally falls slightly, and this is sometimes 
accompanied by a fall in the rate, which lasts for a variable length 
of time; then follows a very gradual increase both of pressure and 
of rate; the latter does not, however, as a usual thing increase very 
greatly ; soon its maximum is reached, and beyond this, though stimula- 
tion be continued for thirty minutes or even an hour, there is very little 
further escape; not so however with regard to pressure; this usually is 
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found to be increasing noticeably long after the rate has become 
practically constant; but in long observations it also sooner or later 
reaches a maximum, which it subsequently maintains, 

No absolute figures can be given for the time consumed in ioe 
periods of escape; the widest possible variations are met with in diffe- 
rent animals, although it seems to be more or less constant for the same 
animal ; I have in vain attempted to find whether the strength of stimu- 
lation affects it; but this factor seems to play a very unimportant part. 

The extent of escape depends partly upon the strength of stimulation; 
the stronger stimulus allowing of less complete escape than the weaker 
(see section 6 of this paper); but it depends chiefly, so far as the factors 
coming into play in my experiments are concerned, upon the condition 
of the heart as influenced by the anssthesia; the more deeply the 
animal is under the influence of ether or morphia, the lower is the level 
of pulse and pressure reached ; this is especially true of pressure. 

How incomplete anesthesia may affect.the blood-pressure tracing 

through the agency of the central nervous system has already been 
mentioned ; and in this way it affects more or less the extent of escape; 
the effect moreover is increased by its direct action upon the irritability 
of the cardiac musculature; we should expect to find, whether the 
central nervous system interferes or not, that the deeper the anzsthesia 
the less complete the escape, since the heart is unable then, other things 
being equal, to beat so forcibly and rapidly. 

We have seen that in the anesthetized dog escape both of rate and 
of blood-pressure goes to a certain point and little if any beyond that 
point, no matter how long the stimulation be continued. The question 
arises whether there is ever complete escape to the original rate and 
force of beat ? 

In the narcotized animal there certainly is not in escape from stand- 
still or from decided slowing ; I have not seen a single case of it in the 
dog, and it is only in the rarest instances that there is even a near 
approach to it; usually where the pulse is 20—30 in ten seconds and 
the blood-pressure 130—140 mm. of mercury before stimulation, escape 
from stand-still rarely goes beyond 12 beats in ten seconds and a blood- 
pressure of 100 mm. of mercury. 7, 8, and 9 are the more usual figures 
for rate, and 70 to 90 mm. of mercury for blood-pressure. Extreme care 
must be taken to avoid poor contact of the nerve with the electrodes ; 
the breathing movements of the animal frequently move the nerve so 
slightly that the change is unnoticed although the strength of stimula- 
tion is sufficiently lessened to permit of more or less complete escape. 
I may add that no such cases occurred while using the hinged electrodes. 
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In animals not so deeply narcotized, though by no means conscious, the 
escape is somewhat more complete: indeed in these ¢ cases the pressure 
sometimes quite reaches the normal. 

Upon ceasing the stimulation there is an almost immediate increase 
In rate and pressure, thus showing that the escape has not been com- 
plete; or rather that the inhibitory impulses during stimulation were 
still effective’. | 

The most important fact is that after stand-still the heart escapes 
to a practically constant level of rate and pressure, and will continue at 
this level for a long time. It would seem that there are two separate 
agents at work; the inhibitory impulses on the one hand and the 
physiological processes which result in the production of the heart-beat 
on the other; that at first the former get the upper hand; but the 
latter gradually increase in activity, so that they are able to oppose 
more and more resistance.to inhibition, until at last a point is reached 
_ where the two are in equilibrium ; that this condition can continue inde- 
finitely ; and that, when the inhibitory impulses cease, the other factor, 
now unopposed, is in many cases able to cause a supra-normal rate and 
force of beat which lasts for a variable length of time, but which sooner 
or later gives place to the normal or even to a sub-ncrmal pulse. 

The following are the protocols of two typical experiments; in the 
first the sudden change from the first to the second stage is shown, 
and this is the usual form ; in the second the one stage passes gradually 
into the other: 

EXPERIMENT 60. Tracing VI. 


Time Fractions) 


hrs. min. secs, | in secs. 
5 4 20 29 120 
30 0 5.4.30 Rat 9. 
40 0 
50 0 58} sec. No beats 
5 5 0 
10 0 
20 if 0 
113 sec, One beat 
40 7 1 7 sec. One beat 
3 2 
50 9 
5 8 63 
10 7- 
20 6+ 


There may be am snneption to this it will be described in section 4. 
12—2 
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16 
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19 
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22 


23 


s 


T. HOUGH. 
Rate | Pressure Remarks 
7 
7 
8 67 
& 
No tracing until 
| 8 ox | 
8 | 
No tracing until 
| 7+ | 85 | 
No tracing until © 
7+ 
7 81 
5.14 Off 


EXPERIMENT 57. Tracing II. 


39° 
0 | 11.15.30 R at 11 
0 
0 B74 sec. No heats 
0 | 
0 | 
0 
4 11 sec. One beat 
7} sec. One beat 
} 9} sec. One beat 
1 43 sec. One beat 
3 
6 
5 + 
7 71 
8 
9 — 
9 
9 
9 — 
9 | 103 
11.23.50 Off 


Time Fracti 
hrs. min. in 
5 6 
| 
q 10 
5 612 
10 
50 
30 
40 
50 
10 
20 
30 
40 
50 
3 10 
20 
30 
40 
q 50 
10 
q 50 
40 
4 50 
q 20 
q 40 
4 50 | | 
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At times, however, the curve departs somewhat from this form, and 
the most important of these variations may now be mentioned. The 
rhythm is not always regular after the beginning of the second period 
of escape; one form of this has already been described ; it consists in 
the dropping of a beat every now and then; ‘otherwise the pulsations 
go on as usual. The dropping of these beats is not synchronous with 
the respiratory movements, 

A second kind of irregularity in the curve of emnns, or perhaps only 
an exaggerated form of that just mentioned, makes its appearance 
frequently after the heart has been subjected to several periods of pro- 
longed inhibition and escape; it is also frequently seen when very 
strong stimulating currents are used; it consists in alternating periods 
of pulsation and stand-still; indeed these tracings are strikingly similar 
to those which Luciani found i in isolated frogs’ hearts fed for a long 
time on centrifugalized serum'; this may continue for ten or more 
minutes, indeed through the whole period of stimulation; at other 
times it gives place to the regular curve of escape, unbroken by periods 
of stand-still. Sometimes instead of periods of complete stand-still 
there are simply periods of very great slowing; this form is more 
commonly met with in the cat. 

It sometimes happens, though very rarely in the dog, that, instead 
of maintaining the level of rate and pressure to which escape has taken 
place, blood-pressure falls from this level—which may have been kept 
for several minutes—as does also the pulse. 

Stand-still is produced in the rabbit as easily as in the dog, although 
it does not last so long; the heart rarely remains at rest for thirty 
seconds, Spontaneous beats then occur, which are at first rather. irre- 
gular as to rate; eventually a regular rhythm is established, though far 
below the normal. Gamgee and Priestley record quite rapid and 
complete escapes in this animal. 

My rabbits were under the influence of chloral, and not chloroform 
or ether as were theirs; at the same time I do not think that this can 
explain the differences in the results. The following is an example of 
the results I have obtained and shows how comparatively slight were 
the escapes. 


1 Hermann’s Handb. d. Phys. tv, 1, 363 
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Expr. 38. Large male rabbit. 1 gr. chloral per anum. Both vagi cut. 
Tracing IT. 


Time 
Fractions| 
in secs, Rate Pressure Remarks 
2% 4 32 116 
50 40 3.26.50 Rat 7 
3 0 26 
“10 0 18 
20 0 18 
30 3 36 
40 4 40 
50 3 32 
3 3 28 
10 5 28 
20 5 28 
30 6 30 
40 6 30 
9 38 
40 
10 9 40 
20 9 38 
30 9 38 
33 9 42 
10 9 42 | 
20 26 70 3.33.20 Off ] 
30 30 95 | 


I am inclined to look to the character of the electrodes used as 
explaining the difference; just how these act I do not know; I only 
know that in using the ordinary catheter electrodes such complete 
escapes occur in dogs quite frequently; they are rare when shielded 
electrodes are used; and never occur with hinged electrodes; un- 
doubtedly these last insure not only perfect but constant contact with 
the nerve such as cannot be obtained by the use of either of the other 
patterns. In view of these facts I must regard such complete escapes 
as due to errors of experiment. 

In all my tracings from this animal (eighteen in all) a certain level 
of rate and pressure was established; the above protocol is a fair 
specimen of what always occurred. The number of animals used was 
not, however, great enough to warrant more detailed statements. 

Incidental reference has frequently been made in various parts of 
this paper to the great resistance of the cat’s heart to inhibition; this 
is shown by the fact that stand-still as a general thing is not obtained ; 
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by the almost immediate commencement of escape; by the greater 
height to which the pulse and pressure rise while stimulation is being 
continued, and by the rapidity of this rise. These statements seem to 
hold for vigorous animals; while among those which give signs of 
diminished vigour, such as low blood-pressure, or failure to stand the 
operation properly, tracings are obtained at times which closely resemble 
those of the dog; it should, however, be added that even under these 
conditions escape is eventually more complete than it is with the 
dog. 

In the cat also as in the dog we generally find that when the heart 
begins to escape there is a temporary rise of pressure and sometimes of 
rate which soon gives place to a fall; afterwards a second rise begins, 
which eventually reaches a level and remains there for a longer or 
shorter time. Thus far the curve is almost exactly like that seen in the 
dog when the stimulation at first only slows the heart to a considerable 
extent; it differs from such a curve in that its phases are passed through 
more rapidly ; if, however, stimulation be continued for five minutes 
or more, it is almost always found that a second fall of blood-pressure 
takes place; as already remarked, this is occasionally seen in dogs; it is 
the rule with cats. What takes place after this fall varies in different 
tracings ; ; sometimes the rate and pressure: gradually fall until a new 
level is reached, and this level is, practi¢ally maintained during the 
remainder of the stimulation; at ‘other times the fall is succeeded by a 
rise; then follows another fall, and so alternating periods of rise and fall 
may continue for an indefinite time; such tracings of escape are fre- 
quently seen in weak hearts, and sometimes in strong ones if the stimu- 
lating current be of considerable strength. A notable example of it is 
furnished by Exp. 44, tracing 8; the heart was weakened by repeated 
previous inhibitions and other insult, and there was general collapse of — 
the animal; blood-pressure was low and all breathing movements had 
ceased ; the animal was kept alive, of course, by-artificial respiration. 
For twenty-four minutes the vagus was constantly stimulated, during 
which time there were some sixteen periods of alternating ‘greater and 
less effective inhibition, whether measured by blood-pressure or by the 
pulse. 

The protocol of | experiment 29, tracing III. may be given as an 
example of escape in the vigorous cat. Examples of escape in weak 
cats have aay been given in section 2. 
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Exp, 29. The heart-beats and blood-pressure are given in successive 
10 seconds. 


Heart-beat 35 35 15 14 92 27 27 28 28 28 26 
Blood-press. 178 178 120* 120 155 170 178 176 176 176 176 


Heart-beat 26 24 23 23 26 25 24 24 24 25 23 
Blood-press. 176 169 168 171 174 174 170 169 170 171 162 


Blood-press. 164 164 164 164 170 170 168 162 166 163 162 
Heart-beat 25 31 33 
Blood-press. 166 176t 176 


* Bat 6. On. + Off. 


It will be seen that the heart escaped to 27 or 28 beats in ten 
seconds and held this for about one minute, a rather short time; the 
rate then fell to 23 or 25 beats, and remained there until the cessation 
of stimulation. 

Finally, in cats with very high blood-pressure (180—200 mm. Hg) 
escape is exceedingly rapid and in most cases complete, even though 
stimuli of considerable strength be used; so that it cannot be said of 
this animal that the rate and pressure never reach the normal; when, 
however, they do go so far, continued stimulation will usually lower 
them again, though to no great extent. This exceptional resistance to 


inhibition is seen only in the first or second tracings of an experiment; 


but it is so frequently seen there that it cannot be due to errors of 
experiment. Its cause lies either in the diminished activity of the in- 
hibitory mechanism or in the greater vigour of the heart; we have -no 
reason, however, to think that the inhibitory apparatus is less active at 
this time than it subsequently is; and in view of the fact that such 
tracings occur only when the mechanism of the heart-beat has not been 
interfered with at all, and, judging from the kymographic tracing, is in 
good physiological condition, the cause almost certainly lies in the 
second of the above-mentioned possibilities rather than in the first. 


SLOWING. 


The tendency to regard the escape of the heart as the result of some 
sort of exhaustion of the inhibitory apparatus resulting from its 
functional activity has caused physiologists to think of it as taking 
place only when the heart is either brought to stand-still or is very 
decidedly slowed; and I have in vain looked for any reference to the 
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fact, which is easily verified, that it occurs no matter what the amount 
of initial slowing may be; that this escape from very slight slowing is 
also comparatively rapid ; and that in all cases it is more complete than 
that from stand-still. Indeed in all my work I have seen but one case 
where the heart did not escape more or less. 

The following protocols give soi of such complete escape with 
minimal stimuli : 


Exp. 32. Tracing V. Cat. Paraldehyde. Shielded electrodes. Intervals — 
of 10 seconds. 


Heart-beat 19 19 20 19 #19 418 % 19 
Blood-press. 120 120 122 121 121 121* 116 120 122 122 124 


Heart-beat 19 18 19 19 
Blood-press. 123 122¢ 126 124 


* On. Rat 12. + Off. 


Exp. 58. Dog. Hinged electrodes. 


Heartbeat 24 24 22 22 22+ 22+ 22+ 23- 23 23 23 
Blood-press. 140 140 136* 139 139 140 140 140 140 


Heart-beat 23-— 23 23 


Heart- Blood. Heart- Blood 
hrs. min. secs. beat pressure hrs. min. secs. beat pressure 
2 58 30 23 "138 3 4 50 °#£23- 128 
3 20 23 3. 23 

30 23 134 10 23 — 129 
eg 23 — 20 23 129 
10 23 131 23 
3 3 40 23 — 10 (23 137 
50 23- 131 | 
On. Rat 14. + Off. 


A dozen similar examples might be added, taken from as many 
experiments both on dogs and cats. In fact whenever the heart was 
slowed but two or three beats every ten seconds escape took place 
nearly or quite to the normal, and the rate and pressure thus reached 
was maintained throughout any length of stimulation. 

The time taken for the completion of escape is very short, seldom 
over one minute; shorter, in other words, than when stronger stimuli 
are used and great slowing or stand-still at first produced. 
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5. Rapipity or RECOVERY BY THE INHIBITORY MECHANISM OF.THE 
POWER TO PRODUCE STAND-STILL. 


The reader is probably familiar with the fact that a very short time 
is required for the recovery of inhibitory power after the cessation of 
stimulation ; if stimulation be stopped as soon as escape from stand-still 
begins, the heart can be stopped again after the lapse of ten or twenty 
seconds; and often it is found that the duration of this second 
stand-still is quite as long as the first. Take the following example: 


EXPERIMENT 10. Tracing 5. 


Dog Shielded Electrodes — 

1. Both nerves stimulated 25 sec. 0 beats 

2. 6 ,, 1 beat 

3. ” ’ ” 6 beats 

4. Off for 32 sec. : 

5. Both nerves stimulated 24 sec. 0 beats 

6. ” ” 8 1 beat 

8. Off for 16 sec. 

9. Both nerves stimulated a . 20 sec. 0 beats 
10. 6 ,, 1 beat 
11. 7 beats 
12. Off for 14 sec. 

13. Both nerves stimulated 18 sec. 0 beats 


The duration of the necessary rest is not equally brief in all cases, 
but it is doubtful whether it ever requires more than 30—40 seconds to 
insure complete recovery. 

If, instead of shutting off the current as soon as the heart begins to 
beat spontaneously, escape be allowed to take place for fifteen or more 
minutes it is found that even here a scarcely longer time is needed for 
the restoration of complete inhibitory efficiency. Thus in experiment 
23, stimulation continued from 2h. 58m. 30sec. until 3h. 35m. 45 
sec. The initial stoppage was 25 seconds, and at the end of stimulation 
the rate established was 7-8 beats per 10 seconds with a blood-pressure 
of 105 mm. Hg. The current was off from 3 h. 35 m, 45 sec. until 3 h. 
37 m. 20 sec., te. for 1m. 35sec.; on stimulating again with the same 
strength of current the heart was stopped for 43} sec., and the 
curve of escape was about the same after this short rest as it had been 
during the first stimulation. 

This has an obvious bearing on the question whee escape is an 
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exhaustion phenomenon at all; it is, of course, possible that complete 
recovery from exhaustion may take place in such a short while, but it 
is against all analogy; and one is led at least to suspect that other 
physiological processes are at the bottom of it. 


6. RELATION BETWEEN THE STRENGTH OF STIMULUS AND THE. CURVE 
OF ESCAPE. 


The object of this section is to compare the curves of escape 
obtained with different strengths of stimulation. It will be convenient 
to treat the subject under the following heads: 

1. Relation of the strength of stimulation to the duration of 
stand-still. 

2. Its relation to the extent of escape, both of rate and of pressure. 

3. Its relation to the duration of escape; 1.¢. to the time consumed 
in reaching a constant level of rate and of pressure. 

The difficulty of investigating any of these problems must be at 
once apparent; it has been shown that the weaker the heart, the more 
effective is the same strength of inhibitory impulse ; and the conditions 
_ of most of my experiments preclude the possibility of the heart’s being 
in the same condition during any two tracings. It cannot be but that 
very prolonged inhibition, say for ten or fifteen minutes, with the slow 
pulse and low blood-pressure consequent thereupon, profoundly modifies 
the physiological condition of the organ. The long-continued anzsthesia 
also must have its effect in weakening the heart; and in point of fact 
it is found that during an experiment of two hours’ duration the heart 
is almost always weaker at the end than it is at the beginning. ~ 

But apart from this uniform fall of cardiac vitality and concomitant 
rise of inhibitory efficiency there must always be temporary variations 
in the physiological condition of the organ; changes in the depth of 
anesthesia or in the vascular and respiratory mechanisms may at any 
time affect the force of the beat or the activity of the inhibitory 
mechanism, and these variations cannot be entirely prevented even with 
the utmost care and skill, We must therefore think of the curve of 
inhibitory efficiency as showing, not a gradual rise, but a rise which is 
broken by temporary falls; indeed we have already seen that at times 
it represents a fall; and at other times, no doubt, the mean of the two 
curves is met with; 7.e. where there are temporary rises and falls, but 
on the whole no decided change. 

The difficulty of the experiment is the more apparent when we 
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remember that these changes of inhibitory efficiency not only cannot be 
avoided, but cannot even be discovered except by actually causing 
inhibition ; they depend upon two variable factors, of which the said 
efficiency constitutes the algebraic sum, so to speak, the condition of the 
mechanism of the cardiac beat, and the condition of the inhibitory 
mechanism itself. The only ready means we have of estimating the 
former is by the blood-pressure curve, and this we know depends both 
on cardiac and extra-cardiac events; and we have no means whatever 
of estimating the latter. It is, therefore, to be expected that the 
experimental investigation of the problem proposed in this section will 
not always lead to uniform results; the utmost we can hope for is that 
in a@ great number of experiments the relation will in some degree 
become apparent. 
1. Relation of the strength of stimulus to the duration of stand- 
still, Evidence on this point may be gathered from almost all of my 
experiments on dogs, since in most of them the heart was stopped with 
stimuli of different strengths. The greater number of these experiments 
were made, however, with other objects in view and thus certain 
complications were introduced. A number of experiments were 
therefore made in which stimulation was continued only through the 
stand-still, and was stopped as soon as the first or second spontaneous 
beat had occurred ; from five to ten minutes elapsed between any two 
tracings, so that proper time was given for recovery. For the 
convenience of the reader the results of these experiments are tabulated 
according to the strengths of current employed : 


Exp. 1. Secondary coil at 5 6 8 10 


Heart stop 
for (secs. } 37,34 30 34, 33,33 44* 32 


Exp. 4. Secondary coilat 3 4 5 6 7 9 I 12 14. 


Heart stopped) 
for (een) f «82 24,23 24 23 95 


Secondary coil at 16 18 19 20 


Heart stop 
Exp. 40. 3 12 +423 
eart stop | 
for 67 48 65 49 214,57 72,69 64 


Secondary coil at 12.6 123 13 
29 28 17,13 


Heart stopped 
for (ce) 
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‘Exp, 43. Secondary coilat 3 | 


71,83 82 90, 104 88 81 73, 90 

Exp. 58, Secondary coil at 7 10 103 
(oe) 68, 82, 753,644 79 

Exp. 59. Secondary coil at 6 s 10 
861,81 83}, 91}, 85,86 73}, 100 


A study of these figures shows that with moderately strong currents 
the duration of stand-still is practically independent of the strength of 
stimulation; or in general, when the secondary coil is anywhere from 
11 to 7 cm, from the primary, the duration of stand-still is about the 
same for all stimuli; in some experiments this is beautifully shown, 
notably in 1, 4, 43, and 59. The differences here are so slight that we 
must regard them as accidental. Further inspection suggests that if 
the current be just strong enough to stop the heart, stand-still lasts for a 
much shorter time than with stronger currents ; this fact has been noticed 
in many experiments ; of those just quoted 40 and 58 are cases in point; 
in each of these the secondary coil was moved up carefully and the point 
accurately found at which stand-still was produced, in the former case 
at 13 cm., in the latter at 11, and it will be seen that the duration of 
_ stand-still produced with these stimuli is very brief compared with that 
resulting from stronger stimulation’. 
It should be remembered that in these experiments strong and 
weak currents were alternated in order so far as possible to exclude 
errors arising from variations in the efficiency of inhibition. One other 
matter should be mentioned; I have already said that it frequently 
happens that the initial stand-still is shorter than those which follow. 
In the above table I have marked these with an asterisk whenever they 
happen to be given. 
Certain of the above experiments (e.g. 58) seem to indicate that 
very strong stimuli do not stop the heart quite so long as weaker ones ; 
1 Professor Howell, to whom I am indebted for many useful criticisms upon this 
paper, has suggested that the failure of minimal stand-still stimuli to cause as long arrest 
of the heart-beat as that caused by stronger stimuli may be due to the running down 
of the bichromate batteries used in the primary circuit. This may be true, as no special 
precautions were taken in these particular experiments to avoid such an error. But the 
same factor had occurred to me in many other portions of the work, and I frequently used 
the control of sending the current through the primary coil for three or four minutes 


before sending the secondary current into the nerve. So far as I could see this did not 
affect the result. Bi 
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if this be true, it is easily explained by supposing some injury to the 
nerve. 

We may, therefore, conclude that minimal stand-still stimuli do not 
stop the heart so long as stronger ones; but that, if the strength of 
current be slightly increased, a point is soon reached beyond which any 
increase produces little or no change in the duration of stand-still, 

2. Relation of the strength of current to the extent of escape, both of 
rate and of pressure. It has already been shown that escape of the 
heart takes place no matter what may be the amount of slowing caused 
at first; the problem for investigation in this section, therefore, is the 
extent of escape from different amounts of initial inhibition. 

Reference to the results already given will show that where the 
initial slowing amounts to only one or two beats in ten. seconds, escape 
is almost or quite complete. If the inhibition be more decided, escape 
is not so complete, although it always takes place, and it may be stated 
as a general rule that the greater the initial slowing the less rapidly 
will the heart beat when its final level of escape is established. Thus, 
in experiment 56, tracing I, the following result was obtained. 


Exp. 56. Dog. Both vagi cut. Hinged electrodes. Intervals of 10 secs. 
Tracing I. 
Heart-beat 29 16 414 +15 17 20 20 20 20 21+ 28 23 
Blood-press. 132 107* 104 103 97 132 
Heartbeat 24 24 24 24 24 25 25 26+ 27 24 
Blood-press. 144 | 144 143 © 
* On. Rat 13}. + Off. 


The results of the above tracing are plotted in fig. 1, together with 
the curve of escape from stand-still as shown by the next tracing of the 
same experiment ; it will thus be seen at once that in the latter case 
escape is much less complete. 

Not only should the effects of stimuli be compared one. of which 
slows while the other stops the heart, comparisons should also be made 
between the effects of two stimuli, each’ causing stand-still, but one 
stronger than the other; will the stronger current allow of more or of 
less complete escape than the weaker? For the present let us confine 
our attention to the rate. The matter must be investigated by com- 
paring different tracings taken from the same animal, different strengths 
of stimulation being used in different tracings; it is evidently best, 
moreover, to select two strengths of current and to use these alternately ; 
we shall thus be able to compare the effects of the same stimulus at 
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‘different times, and so discover if there have been any decided change 
in the sensitiveness of ms — to inhibition. 


Beats per /0Seconds 
$ - 


Fic. 1. Exp. 56, 1. and II. Curves of escape. Ordinates represent number of heart- 
beats in 10 seconds. Abscisse represent time in minutes from the beginning of inhibition. 
This, indeed, is the only way in which the question can be investi- 
gated; but it presents a complication, which must be constantly taken 
_ into account since it cannot be entirely avoided. This complication 
arises from the long periods of low blood-pressure which such treatment 
of the heart necessarily produces; one would suppose beforehand, from 
what has been said of the relation between the condition of the heart 
and the efficiency of vagus stimulation, that, even were the stimulus 
_ the same in all cases, it should be found more effective with each new 
inhibition. And this is more or less true; in two experiments where 
the same strength of current.was actually employed during all tracings 
there was less complete escape in the last of the six tracings than in the 
first. Close inspection of these curves however shows that the increase 
of efficiency as measured by the extent of escape is not uniform ; that 
in the first tracing, before anything had been done to the heart, escape 
is much more complete than it is in any subsequent tracing; that for 
three or four tracings after the first one there is little variation in the 
effect produced ; the heart seems to withstand the insults offered to it 
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for this length of time; and it is only afterward that the effects of 
exhaustion make themselves felt. If six tracings be taken, for instance, 
the sixth and frequently the fifth will show much less complete escape 
than the second, third, and fourth. In these experiments stimulation 
continued for ten minutes, more or less, a rest of ten or more minutes 
was then given before the next tracing was taken. 

The results of these two experiments only confirm what appears to 
a greater or less degree in all my work on the question under discussion 
in this section of my paper; and I think the conclusion may be safely 
drawn, that, if in a great number of experiments we compare the second, 
third, fourth, and sometimes the fifth tracings of escape from stand-still, 
we may hope for a satisfactory answer to our question; at times the 


first will be given also, and, if there is no sign of a — heart, the - 


sixth and seventh may also be taken. 

Thirteen experiments upon this point were made on is most of 
them were with the ordinary shielded electrodes, and while their results 
justify the conclusion drawn from those obtained with hinged electrodes 
I shall give the results of the latter experiments only, since these are 
perfectly uniform and for obvious reasons much more reliable. The 
following is a tabulated réswmé of these results. 


EXPERIMENT 55. | 
Escaped to 


Initial stand-atill ‘Rate, in beats Pressure, in 
III Rat 9 26 6 104 


current was strengthened by moving the secondary coil to 10 cm. 


Rat 7 37 + 9] 
a V R at 10 94 9 + 128 q 
: VI Rat 5 34 6 + 59 4 
; EXPERIMENT 56. 4 
II Rat 12 21 10 102 
Beas 69 9 99 
7 IV R at 12 48} 10 115 

i V Rat 9 87 7 87 | 

: EXPERIMENT 57. | 

; IIa R at 11 572 9 103 

b* Rat 10 88 6 16 
; Ill Rat 9 105 5 + * 70 
Via Ratll 7 11 83 
5 43 8 
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I Rat 9 — 7 82 
Ila R at 12 4] 14 107 

b Rat 9 38} 8+ 81 
III Rat 9 62 9 90 
IV R at 112 slowed 25 115 
Va R at 11 56 12 99 

b Rat 9 2 7+ 72 


I Rat 9 50 2 30 

IIa R at 12 283 15 100 

Rat 9 58 

IIIa Rat 9 62 4 62 

b Rat 7 slowed 4 62 
R at 11 Gr 16 102 

b Rat 9 87 48 


For the clearer understanding of what follows some of these results 
have been plotted in figs. 2—4; each figure contains two curves, one 
showing the curve of escape with the weaker stimulus, the other the 
curve of escape with the stronger stimulus. The abscisse represent 
time in minutes from the beginning of escape, the ordinates the number 
of heart-beats in ten seconds; the lighter lines give the result of weaker 
stimulation, the heavier lines that of stronger stimulation. 

Beyond showing that the stronger stimulus permits less complete 
escape, these figures bring out another fact; there is in the escape with 
stronger currents a tendency to irregularity of rate; a certain pulse is 
reached but it is not maintained; a minute or more later the heart is 
found to be beating more slowly; then it beats more rapidly; then 
more slowly, and so on. This is in marked contrast with what occurs 
with the weaker stimulus, that which is just able to cause stand-still, for 
instance ; here the heart steadily escapes to its level' of rate and main- 
tains this level as long as stimulation continues. An extreme case of 
this irregularity with strong currents is where periods of total inhibition 
alternate with a group of beats, It is unnecessary to point out that 
this is exactly what occurs toward the end of an experiment with almost 
any strength of current and has been explained by the exhaustion of 
the heart. It is a significant fact that strong stimuli can produce this 
effect long before weaker ones are able to do so. 


1 Disregarding the first rise which appears in many cases. 
PH. XVIII. 13 
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In the above diseussion only the rate has been taken into account ; 
and under the conditions of these experiments this, of course, is a better 
test of the work of the heart than is blood-pressure ; reference to the 
tables given on pages 192-3 will, however, show that the level of blood- 
pressure established in escape is lower with the stronger stimulus. 

If in such an experiment while the weaker stimulus is being used 
the secondary coil be moved up to the position which gives the stronger 
stimulus, we obtain the result shown in experiments 57, 60, and 61 of 
the above tables; the heart is either brought to rest or greatly slowed ; 
escape then takes place, but goes on only as far as the point reached in 
other tracings when this stronger stimulus is the one first employed ; 

the curve, in other words, is the same as when that strength of stimula- 

tion is given to a normal heart and not to one already inhibited. This 
is not true, however, when very strong currents are used ; if, for instance, 
the first stimulation be with the stronger current (secondary coil at 8— 
9cm.) and after the rate of escape is well established the current be 
further strengthened, it will frequently be found that no effect whatever 
is produced; this is almost what happened above in experiment 61, 
tracing 3; here moving the secondary coil to 7 cm. caused a temporary 
fall, but escape soon took place to the original rate and pressure. An 
example may be added in which no effect whatever was produced. 


Exp. 56. Dog. After escape from stand-still with the secondary coil at 
9 cm., we have: 


Time 
VII a: ae 7 58 R at 9 
7 76 
30° 7 76 2.7.30 Rat 6 
40 7 79 : 
7 72 
30 7 474 2.8.30 Rat 0 


The explanation of this is evidently that the point of maximal 
_ stimulation has been reached. This varies greatly with changing con- 
_ ditions ; generally in my experiments: it was when the secondary coil 
“was at about 8 cm. 

This is important in showing that the strength of stimulation may 
be considerably increased beyond the point which causes stand-still 
before maximal effects are produced ; and that the inability of a stronger 
stimulus to cause longer stand-still than that caused by the weaker is 
not to be explained on the assumption that we have passed the point of 


4 
4 
es 
4 
4 
j 
a 
‘ 


PETE 


ESCAPE FROM. VAGUS INHIBITION. 197 


maximal stimulation, since, if the stronger stimulus allows less complete 
escape than the weaker, stronger impulses actually reach the heart. 
Indeed on the whole I am inclined to think that the stronger stimulus, 
other things being equal, stops the heart longer than the weaker; but 
that soon after we pass the minimal stand-still stimulus the differences 
in the duration of stand-still are so slight that they are obscured by the 
action of other factors. 

3. Relation of the strength of stimulus to the duration of escape ; or, 
to speak more accurately, to the length of time elapsing before the heart 
ceases to increase the rate and force of beat despite the continued 
stimulation. Little more can be done than to indicate this as a more 
or less probable way in which a difference in the strength of stimulus 
may make itself felt; I have made no experiments with this point 
specially in view, and do not think that the method used of obtaining a 
graphic record enables one to make accurate determinations of the time 
relations. 

This much, however, is apparent even in my tracings; the escape 
from minimal slowing never occupies more than two minutes from the 
beginning of stimulation, while, if the initial inhibition be greater or 
amount to actual stand-still, more time than this is always consumed. 

When we come to compare the time relations of two curves of escape, 
each from stand-still but from different strengths of stimulation, we 
find that this is difficult, if not quite impossible ; the tendency to irregu- 
larity of rhythm frequently makes it difficult to say at what moment 
escape has ceased ; and the differences in time are so slight that they are 
generally obscured by secondary factors; we can therefore compare only 
those curves which show a steady increase in rate and force to the | 
escape level of pulse and pressure.—Only this can be said: if the com- 
parison be made between the results of minimal stand-still stimulation 
and stronger stimulation it will be found that the former reaches the final 
escape rate of the latter sooner than the latter itself does. Thus in ex- 
periment 56 we have: 


Time required to 


No. of Final 
Tracing Stimulus escaperate reach rate Remarks 
III R at 9 9 Over 6 mins. This rate was reached in 
; ? IT. (R at 12) in less than 
mins. 
V R at 9 7 Over 5 mins. This rate was reached in 


IV. (R at 12) in a little © 
over 1 min. 
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7, On ALTERNATE STIMULATION OF THE VAGI. 


No study of the escape of the heart would be complete without 
consideration of the results of alternate stimulation of the vagi. The 
subject has been studied by Tarchanoff and by Gamgee and Priestley 
with more or less conflicting results. Tarchanoff’ stated that after 
the heart of a mammal had begun to escape from inhibition by one 
nerve shunting the current into the other is unable to again cause 
‘stand-still. Gamgee and Priestley? repeated this work, and concluded 
that “continued stimulation of one vagus never annulled or even pre- 
judiced the inhibiting powers of the other unless the inhibiting appa- 
ratus had been recently kept under stimulation for some time?®.” 

I shall not attempt here to discuss the work of those investigators ; 
my own experiments have not been altogether satisfactory, and I hope 
at some future time to investigate the subject. This much, however, 
can be said; both Tarchanoff and Gamgee are right in what after all 
is the main point; after prolonged stimulation of one nerve shunting 
the current into the other has no effect whatever‘; as an example of 
this take exp. 6, tracing 14. : 


1. Lat 9. Heart stops 25 secs. ; then 


2. ” 9 4 , 1 beat 

10 ,, 10 beats 

4. Nevve slipped off the electrodes and the heart beat cally for 
21 sec. ; then | 

5. Rat 9. Heart stops 16 secs.; then ~~ 

6. ” 9 OF 98 beats 

7. L at 9. p 22 ,, 22 beats 

8. R at 9. 6 beats 

9. Stimulation ceases, | 


Similar results occurred over rand over again, so that we may regard 
it as established that, during prolonged escape from the effects of 
stimulating one vagus, shunting the current into the other does not 


_, _,change the rate of beat. 


SUMMARY OF RESULTs. 


The experiments given in this paper show that the escape of the 
heart from vagus inhibition is not the result of the exhaustion of the 


1 Archives de Physiologie, Serie I. T, 1. 1875, 
2 This Journal, 1. 89. 1878. 3 Loc. cit., p. 40. 
4 Perhaps it should be added : unless the two vagi have different inhibiting power. 
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inhibitory fibres of the nerve either by continued stimulation or the 
conduction of nervous impulses; that the more vigorously the heart is 
beating when the nerve is stimulated, the less efficient is inhibition, and 
vice versa; that the efficiency of inhibition varies greatly in different 


_ animals, there being usually no escape in the terrapin while the heart 


of a cat can rarely be brought to complete stand-still; that in all 
animals in which the phenomenon of escape is well marked, the heart 
escapes to a certain rate of beat and maintains this rate so long as the 
same strength of stimulation is continued; that this is true not only 
when the initial inhibition amounts to stand-still, but also when the 
heart is merely slowed ; that the escape rate which is finally established 


depends upon the strength of stimulation of the vagus nerve, the pulse 


being quicker and blood-pressure higher with weaker currents than with 
strong ones; that in escape from stand-still, shunting the current into 
the other vagus cannot bring the heart to rest unless the inhibitory 
power of the two nerves be different; and that one or two minutes, at | 
most, after a prolonged (say, ten minutes) period of inhibition the same 
current will produce practically the same curve of inhibition as before, 
the stand-still being as long and the escape neither more rapid nor more 
complete. It is also an interesting fact that after we go beyond the 
minimal stand-still stimulus, the duration of stand-still seems to be 
independent of the strength of stimulation although the subsequent 
curve of escape shows that we are by no means dealing with maximal 
currents, 

Concluding Remarks. The rapidity of recovery by the inhibitory 
mechanism of the power to produce stand-still, the effects of alternate 
stimulation of the vagi, the peculiar characters of the curve of escape— 
especially the establishment of a certain escape level of force and rate of 
beat—the relations of this curve to strength of stimulus employed, all » 
suggest, at least, that something else than fatigue of the inhibitory 
apparatus is the cause of escape. 

On the other hand, the fact that inhibition is more effective in weak 
hearts than in strong ones enforces the conception that inhibition is a 
resistance of some sort to the execution of the events of the heart-beat ; 
a resistance, in other words, to the activity of a powerful automatic 
mechanism, and this suggests at once the familiar conception of resist- 
ance in the physiology of the respiratory centre. 

I am strongly inclined to think that we must seek here the explana- 
tion of the phenomena of escape, and shall close this paper with a brief 
statement of the view I am inclined to hold with regard to it. 
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Inhibition is a resistance to the occurrence of those katabolic changes 
which yield the energy for the heart-beat. Let us suppose that these 
changes are carried out in such a way that when resistance is opposed 
to them they can “gather head” against it and ultimately overleap it. 
This idea, of course, is not new to the literature of the physiology of the 
heart-beat', On opposing a slight amount of inhibitory resistance, 
therefore, we should slow the beat, since between any two contractions 
time would be consumed in “ gathering head” against resistance and so 
the diastole lengthened. Stand-still would thus be caused by resistance 
of such amount that considerable time must elapse before the beat can 
be produced against it; the heart of a cold-blooded animal shows the , 
phenomenon of escape but slightly if at all because the automatic 
mechanism of the beat is not so powerful and hence is unable to over- 
come inhibitory resistance. The final “escape level” would be the 
establishment of equilibrium between the katabolic changes of the beat 
on the one hand and the resistance on the other; the greater the 
resistance the slower must be the final rate established. Finally, the 
gradual increase in the rate and force of beat to the escape level is an 
expression of the “staircase phenomenon”; when the heart has once 
overcome the resistance and given one contraction, the giving of that 
contraction makes the next one an easier matter against the same 
resistance, so that it comes sooner than the first; the third similarly 
comes sooner than the second, and so on until everything has adjusted 
itself to the changed conditions produced by the presence of the factor 
of inhibitory resistance. 


1 Cf. Howell and Cooke, This Journal, x1v. 198—220. 1893. 
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THE RELATION OF THE ACTION OF CARBONIC 
OXIDE TO OXYGEN TENSION. By JOHN HAL- 
DANE, M.A., M.D., Lecturer in Physiology, University of Oxford. 
Grocers’ Company Research Scholar. (Two Figures in Text.) 


[From the Physiological Laboratory, Oxford.] 


THE following investigation took its origin from an enquiry in 
which I am at present engaged into the nature and action of the 
suffocative or poisonous gases met with in the air of coal-mines. 
Among these gases is carbonic oxide. So far as my experience goes, 
however, carbonic oxide never occurs alone as an impurity, but always 
in connection with an excess of diluent gases, chiefly nitrogen; so that 
when carbonic oxide is present in the air of a coal-mine, there is also a 
more or less considerable reduction in the percentage of oxygen. It is 
known, however, firstly, that part at least of the action of carbonic 
oxide is due to its property of entering into combination with the 
hemoglobin of the blood corpuscles, and so putting them out of action 
as oxygen carriers; and, secondly, that the proportion of carbonic-oxide- 


hemoglobin formed in blood brought into contact with a gas-mixture 


containing carbonic oxide and oxygen, depends not merely on the 
tension of carbonic oxide in the mixture, but also on the tension of 
oxygen. The larger the proportion of oxygen in the gas mixture the » 
smaller will be the amount of carbonic-oxide-hemoglobin formed in the 
presence of a given proportion of carbonic oxide. Hence it might be 
expected that in air containing a diminished proportion of oxygen, 
carbonic oxide will be more poisonous; and that in air containing an 
increased proportion the poisonous action will be less. 
A very simple experiment served to show that this is the case. 


Two bottles, each of about three litres capacity, were filled, one with 
oxygen, and the other with air. Into each bottle 15..c. of carbonic oxide 
were introduced through a tubulated stopper. The bottles were then closed, 
and the gases mixed by thorough shaking with a little water which had been 
left for the purpose inside. The water having been removed a young mouse 
was introduced into each of the bottles, which were again closed. Within 
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five minutes the mouse in the bottle containing air showed marked signs of 
loss of power over the limbs, and two minutes later it was lying on its back 
comatose. Fresh air was then at once blown through the bottle with a bellows. 
Two minutes later the mouse had regained power over its limbs, and about 
twelve minutes later it seemed quite in its normal condition again. Mean- 
while the mouse in the bottle containing oxygen remained quite unaffected. 
After an hour and a half it was taken out. For some time previously it had 
been shivering, and was evidently suffering from cold, as it had got rather 
wet in the bottle, but it showed no symptom of poisoning. Both mice re- 
mained perfectly well when replaced in their cage. 


It seemed of importance to determine as accurately as possible. 
within what limits raising or lowering of the oxygen percentage affects 
the poisonous action of carbonic oxide. For this purpose the following 
arrangement was employed (Fig. 1). 

_ A mouse was placed in the bottle A, which had a capacity of about 
200 c.c.: through this bottle a perfectly steady air-current in the 


| 


Fie, 1. 


direction shown by the arrows was maintained by means of a filter 
pump driven by water supplied at a constant pressure from a cistern. 
The air current was measured by the small meter B (the accuracy of 
which was ascertained) and was drawn into the tubing at the opening 
C. Between C and A a T tube was placed, communicating by one of 
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its limbs with narrow glass tubing, which was connected in the 
manner shown by means of a paraffined cork with the upper end of a 
burette D, containing carbonic oxide. The nozzle of the burette was 
connected with a siphon, dipping into a tall glass jar #. Over this jar 
was a water tap. When water was allowed to drop from the tap into 
the jar the level of the water in the latter, and in the burette gradually 
rose, and a measured quantity of carbonic oxide could thus be steadily 
and slowly driven from the burette into the air current. By regulating 
the water-tap the rate of outflow of carbonic oxide could be regulated 
at will. The water-tap was not connected directly with the burette 
because a steady outflow of water could not be obtained unless the rate 
of flow was considerable. : 

When it was desired to substitute oxygen or any other gas for the 
whole or part of the air the oxygen was allowed to pass in from a 
cylinder of compressed gas through the meter F. When pure oxygen 
was required the flow was so regulated that a slight excess of oxygen 
passed outwards by the opening C. By means of this arrangement it was © 
possible rapidly to substitute oxygen for air without the slightest inter- 
ruption or alteration in the rate of flow through the bottle and meter B. 

The carbonic oxide employed was made in fairly large quantities at 
a time by heating oxalic acid with sulphuric acid, and kept in a large 
bottle fitted up as a gasholder. The gas was purified by passing it 
through a large tube of moist potash-lime. Each new stock of 
carbonic oxide was accurately analysed to ascertain the degree of purity 
of the gas. Sometimes, as in the example given below, it was found 
that, in spite of care, appreciable quantities of air had become mixed 
with the carbonic oxide. In calculating the percentages allowance 
was in each case made for the impurity. The oxygen was determined 
with pyrogallic acid and potash, and the carbonic oxide by ammoniacal 
solution of cuprous chloride. The apparatus was the same as that which 
I have used in the analysis of gases from coal-mines.' 


Example of an analysis. 


Carbonic oxide 92°27 
Carbonic acid 0°07 


Oxygen | 
6-10 7°66 of air. 
100°00 


1 Proc. Roy. Soc. 57, p. 244, 1895, and Transactions of the Federated Institution of 
Mining 1895. 
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A month later, after nearly the whole of this bottleful of gas had 
been used, the residue was found to contain 0°15°/, of carbonic acid 
and 1'96 °/, of oxygen (corresponding to 9°4 °/, of air), so that there was 
only a very slight additional contamination of the ‘gas by air diffusing 
from the water. 

As good reasons exist for suspecting that the gas employed in some 
of the recorded experiments on carbonic oxide was impure and 
contained carbonic acid or air, it seemed necessary to take every 
precaution as regards the gas employed. 

In air about 0°06°/, of carbonic oxide is sufficient to produce 
distinct symptoms in mice, The following are the notes of an 
experiment. 


‘Young black and white mouse about half grown. Rate of ventilation 
1-70 litres per minute. Rate of CO delivery 1:00 c.c. per minute. Corrected 
percentage of CO = 058 ‘los ", Temperature 13° C. 

5 p.m. Mouse placed in bottle and left in the air current, no ©o being 
added. 

5.38 No change. Quite active. Movements as sharp as usual. Climbs 
up glass tube, cleans its fur, &c. as usual. CO now added. 

5.42 Slight hyperpneea, the respiratory movements being more visible. 

5.47 Mouse less active. Sits up on hind legs, panting slightly. Does not 
clean its fur, &c. as usual. 

5.51 CO off. | 

5.57 Cleaning its fur vigorously, climbing up the tube, and is altogether 
much more lively. No longer panting, and appears to be quite as 
usual again. 

5.59 OO again started. | 

6.4 Panting distinctly. On trying to climb up it gets exhausted, and sits 
panting. 

6.13 Remains very quiet. Sitting in one position, and apparently panting. 

6.24 Seems drowsy and torpid. When roused so that it tries to climb up 
the glass a tendency to slip down is apparent, so that there is some 
loss of power in the limbs. 

6.30 Bottle containing mouse was put in warm water at about 35° C. 

6.35 Panting much less, but torpor and feebleness remain. 

6.36 Bottle put in cold water at 12°. Panting began again in about a 
minute. 


1 The stock of carbonic oxide used in this experiment had the following composition : 
Carbonic oxide 97°42 
Carbonic acid 0°05 
Oxygen 0°48 
Nitrogen 2°05 
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6.55 After the last observation had been repeated several times the bottle 


7.6 


was placed in warm water at 26° and left. 


Quite as torpid and feeble as ever. OO off. 


7.12 Has regained its full power over limbs, climbed up tube without 


exhaustion, and then began to clean its fur. 


7.15 Quite as lively as usual again. 


The following experiment will afford an idea of the effects of a 
somewhat higher percentage of carbonic oxide. 


Young mouse, not quite fully grown. Rate of ventilation 1 ‘03 litres per 
minute, Rate of CO delivery 2°34 c.c. per minute. Corrected percentage of 
CO 0:221°/,. Temperature 14:5’. 


10.55 
10.59 


11.12 
11.20 
11.35 
11.57 
12.8 

12.27 


12.49 
1.20 


11.46 


CO started. 

Hyperpnea and great loss of power over legs, Cannot stand. 
Lies on belly with legs stretched out. Seems hardly conscious. 

Continues very helpless and drowsy looking. Remains lying on 
side when put there, but does not remain on its back. 

Same condition, but respirations seem less —_— (108). [Normal 
frequency = about 140.] 

Respirations 90. Seems feebler. 

Respirations 74 and are feebler. Remains on back when put 
there. 

Respirations 66. Has lain on its back since last observation. 

Respirations 44, 

Respirations 35. | 

Respirations 16 and gasping in character. | 

Died almost imperceptibly. Since last observation respirations had 
gradually become shallower, until at last they died away. 


' On post mortem examination the liver and other organs had the character- 
istic bright red appearance seen in carbonic oxide poisoning. On diluting a 
little of the blood with water the colour of the solution indicated that the 
blood was about two-thirds or three-fourths saturated with CO. 


With larger proportions of carbonic oxide than in the last 
experiment death is correspondingly more rapid, and is accompanied by 
convulsions, as in the case of asphyxia from breathing an atmosphere 
4 deprived of oxygen. If death occurs within a few seconds the blood 
| in some parts of the body may, as Heger has already observed’, con- 
tain very little carbonic oxide hemoglobin, death being too rapid to 
allow the whole of the blood to become saturated. 

The observation that so small a proportion 0°06 °/, of carbonic oxide 


1 Journal de Médecine de Chirurgie et de Pharmacologie, 1894, p. 106. 
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produces distinct symptoms is not new, but has previously been made 
by Hempel: 

It is probable that, particularly with such small aninials as mice, 
death by poisoning with very small proportions of carbonic oxide is 
due partly to fall of the body temperature consequent on diminished 
metabolism and heat production. The following experiment, in which 
the production of carbonic acid by a mouse was estimated, supports this © 
view. 


The apparatus was the same as that already described (fig. 1) except that 
the air entering the bottle was deprived of carbonic acid by soda lime, while 
the carbonic acid in the outgoing air current was estimated by means of the 
absorption apparatus described by Mr Pembrey and myself?. 


Time yy sky Air breathed by mouse 
First 15 minutes 0552 Pure air 
Second _,, Pure air 
=e 0531 0°16 °/, of CO 
0264 0°16 °/, of CO 
Fifth _,, 0272 0°16 he of CO 
Sixth  ,, ‘0227 Pure air 
Seventh ,, 0405 Pure air 
Eighth _e,, 0508 Pure air 


The carbonic oxide produced the characteristic loss of power over the 
limbs, &c. Recovery was rather slow. During the seventh and eighth 
periods shivering was observed, as if the animal were suffering from cold. 
Probably its temperature had gone down under the influence of the carbonic 
oxide. The bottle containing the animal was kept in a bath at 15-5°C., and 
the rate of ventilation was 0°48 litres per minute. 


It will be seen that the carbonic oxide produced a very marked 
diminution in the respiratory exchange, and that the diminution lasted 
for about half-an-hour after the animal had ceased to breathe the 
carbonic oxide, 3 


Euperiments with Carbonic Oxide in Oaygen. 


The oxygen used in these experiments was that supplied in 
cylinders by Mr Orchard. It contains about 97°/, of oxygen. The 


1 Zeitschrift fiir analytische Chemie, xvi. p. 399. 
2 Philosophical Magazine, 1890, p. 306, 
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following is the result of an analysis of a sample from the cylinder 
employed in most of the experiments. 


Oxygen 96°91 

Carbonic acid 0°25 

Nitrogen 284 
10000 


I have breathed this oxygen pure for considerable periods without 
its producing any appreciable effects. It has mo smell suggestive of 
chlorine or other impurity. 

In oxygen it requires about ‘8°/, of carbonic oxide to distinctly affect 
a mouse, and very much more to produce death. The effect of 
dangerous percentages (over 5°/,) seems to vary considerably according 
to circumstances. When the percentage is gradually increased the 
mouse appears to be capable of adapting itself to a considerable extent 
to the atmosphere. The following two experiments may be quoted. 


Young mouse, not quite fully grown. Initial ventilation ‘28 litres per 
minute. Bottle kept in bath at 28°. 

12.20 Mouse put in bottle and ventilated with oxygen. 

12.37 CO started. Corrected percentage = ‘85. 

12.41 Slight hyperpneea, and seems a little drowsy. 

12.46 Distinct sluggishness, and apparent slight loss of power, noticed 
when it jumps up on the side of bottle. | 

12.55 Condition same. Ventilation reduced, so that CO percentage = 1-76. 

12.58 Hyperpnea and marked loss of power. On trying to climb up it 
stops to rest, or slips down. 

1.5 Seems no worse. Lies or sits in awkward positions, as if very 
drowsy. When roused gets up on legs. 

1.14 No worse. Began to clean its fur, but stopped again at once. 

1.20 Ventilation increased from °13 to ‘66 litres per minute (i.e. to 
five times its previous amount). Oxygen turned off and air sub- 
stituted. Percentage of CO now = ‘34 (i.e. a fifth of its former 
amount, ) 

1.22 Seems decidedly more feeble, and rapidly losing power. 

1.25 Remains lying on its side or back in a comatose state. 

1.26 CO exhausted. The mouse had recovered completely a few minutes 
later. 


Same mouse. Ventilation throughout =-102 litres per minute. In bath 
at 28°. 

2.5 Mouse put in and ventilated with pure oxygen. After a short 
time went to sleep. : 
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2.12 CO started. Percentage = 2°31. 

2.15 No change in the mouse. Sitting asleep. 

2.17 Laying head down; seems unnaturally drowsy and losing power 
over limbs. 

2.22 Lies with legs spread out, but will not remain on its back. 

2.28 Condition same. CO increased to 2°97 °/.. 

2.39 Not apparently more feeble. Still will not lie on its back. Some- 
times wakes up and tries to climb. 

2.41 CO increased to 7:2 ‘lor 

2.47 Still does not remain on its back, and seems no worse. C0 ex- 

hausted. 
3.0 Completely recovered. Now cleaning its fur. 


These experiments sufficiently show that in oxygen carbonic oxide 
is very much less poisonous than in air. This fact can also be very 
conveniently demonstrated with the apparatus described by alternately 
supplying the animal with air and oxygen, while the delivery of 
carbonic oxide and the rate of ventilation remain absolutely unaltered. 
If about ‘2 to ‘5 °/, of carbonic oxide are added to the ventilating 
current the animal will be seen to alternately become worse or recover 
again according as air or oxygen is supplied. With a somewhat higher 
percentage death occurs very rapidly when air is supplied. 


Experiments with diminished oxygen percentages. 

To obtain an atmosphere containing a diminished percentage of 
oxygen, hydrogen or nitrogen was partially substituted for air by means 
of the arrangement already described. The hydrogen employed gave 
no arsenic reaction with Marsh’s test, and portions from the same 
cylinder had previously been used for experiments on man without any 
ill effects being produced. 

Mice, as compared with men, appear to be specially sensitive to 
reduced percentages of oxygen. A mixture of one-third of hydrogen, 
or nitrogen and two-thirds air causes panting and uneasiness. Cyanosis 
and loss of power over the limbs is’caused by a mixture containing two- 
thirds of hydrogen. With considerably reduced percentages of oxygen 
it is thus difficult to distinguish the symptoms produced simply by lack | 
of oxygen from those due to carbonic oxide. Nevertheless it is quite 
evident that the poisonous action of carbonic oxide is very markedly 
increased by a diminution of the oxygen pmnnge The following 
experiment may be quoted. 
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Half-grown brown mouse. Ventilation 1-00 litres per minute. Tempera- 
ture 12°5°. 


1.7 Mouse put into bottle and ventilated with pure air. 

1.9 Continues quite lively. Hydrogen now added at the rate of ‘33 
litres per minute, so that oxygen percentage ' was reduced from 
20°9 to 13°9. 

1.12 Mouse panting a little, and is not so lively. Still cleans its fur, dc. 
but often stops to pant. 

1.21 Mouse remains the same. No loss of power. Hydrogen off. 

1.24 Panting ceased. Much more lively. : 

1.25 OO turned on. Percentage = 0°247. 

1.27 Panting. 

1.29 Limbs getting feeble. 

1.32 Limbs sprawling. Mouse sits resting on its belly. Will not lie on 
side or back. 

1.35 No further appreciable change in mouse. Hydrogen turned on at 
same rate as before. 

1.36 Mouse much worse. Lies on back. 

1.364 Respirations gasping in character. Mouse lying on back with 
limbs twitching. 

1.38 Seems to be dying. Hydrogen off. 

1.39 Improving. Will not now lie on back. Twitching and gasping 
respirations have disappeared. Limbs still sprawling. 

1.40 Hydrogen on again. — 

1.414 Gasping respirations. 

1.424 Remains on back or side. Quite comatose. 


1.46 Hydrogen off. 
1.51 Remains in same condition. Respirations getting less frequent, 


| CO stopped. 
1.58 Still quite comatose. Taken out. Felt very cold, therefore warmed 


in the hand, when it gradually began to revive, and was sa aoe 
- in its cage in cotton-wool. 
At 2.50 it was still feeble, but when seen — eight hours later it was 
perfectly well. 


A similar very marked increase in the poisonous action of carbonic 
oxide was observed in several other experiments with hydrogen and 
air: also in an experiment in which a mixture of 31'4°/, of pure — 
nitrogen and 68°6 °/, of air was employed. 

The conclusions drawn from these experiments with carbonic oxide 
in air containing a reduced percentage of oxygen have of course a 
special practical interest in connection with carbonic oxide poisoning as 
PH. XVIII. 16 
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it occurs in coal-mines and elsewhere, but I hope to deal more fully 
with this subject 1 in another paper. 


Discussion of the Results. 


In the case of pure oxygen the tension of oxygen is nearly five times 
as great as in air, so that to produce equal saturation of the 
hemoglobin of the corpuscles with carbonic oxide in oxygen and in air, 
the tension of carbonic oxide would presumably require to be five times 
as great in the oxygen as in the air. Hence on the hypothesis on 
which the investigation started one might expect that carbonic oxide 
would turn out to be about five times as poisonous in air as in oxygen— 
that is to say, that five times as high a percentage of carbonic oxide would 
be required in oxygen to produce the effect of a given percentage in 
air. 

Now the experiments made with the apparatus described above 
clearly showed that carbonic oxide is much more than five times as 
poisonous in air as in oxygen. In the latter gas the poisonous action is 
reduced to about a tenth or less. Evidently then some other factor has 
_ to be taken into account besides the relative tensions of oxygen and 
carbonic oxide. That this factor exists was further shown by the 
following experiment : 


A thick-walled bottle of 3-1 litres capacity was filled over water with 
oxygen, to which was added 30 c.c. of carbonic oxide, so that the oxygen con- 
tained about 1 °/, of carbonic oxide. After the latter had been thoroughly 
mixed with the oxygen a full-grown mouse was placed in the bottle, which was 
again tightly closed by means of a tubulated cork, the tube of which was 
connected with a filter-pump and gauge, so that the pressure in the bottle could 
be reduced as required. By means of a clamp the bottle could be shut off 
from the pump when any desired pressure was obtained. 


4.40 Mouse put into bottle. 

4.42 Some hyperpnea. 

4.56 No further change. Walks and climbs about normally. No dis- 
tinct loss of power over limbs, though perhaps a little sluggish. 

4.56-57 Pressure reduced to about 50 °/, of an atmosphere. 

5.1 Hyperpneea more marked. More tendency to stop and pant. 

5.5 No further change. Pressure reduced to 27 °/, of an atmosphere. 

5.8  Panting greater. Looks drowsy and totters when walking. 

5.11 Marked weakness of limbs. Tends to sprawl on its belly or lie on 
its side but can creep about when roused. 
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5.15 No further change. Pressure reduced to about 17 °/, of an atmo- 
| sphere. 
5.20 No marked change. Pressure reduced to about 10°/, of an atmo- 
sphere. 
5.25 Perhaps a little more helpless, but no marked change. Air was 
now let in to atmospheric pressure, when the mouse rapidly 
improved,’and recovered completely on being taken out. 


In this experiment the oxygen tension and carbonic oxide tension 
were diminished simultaneously, and in equal proportions. The effect 
of the carbonic oxide nevertheless increased. 

To account for this relation between oxygen tension and the effect 
of carbonic oxide the hypothesis suggested itself that the higher the 
oxygen tension the less dependent an animal is on its red corpuscles 
as oxygen carriers, since the oxygen simply dissolved in the blood 
becomes considerable when the oxygen tension is high. 


Experiments with increased Onygen Pressure. 


If the above hypothesis were correct one would expect to find that 
by raising the oxygen tension sufficiently high it would be possible to 
abolish entirely the poisonous action of the carbonic oxide. There is, 
however, a limit to the possibility of raising the oxygen tension, since, 
as shown by Paul Bert, at about five atmospheres, or somewhat less, 
oxygen acts as a poison. The question therefore was whether at a less 
tension than this the action of carbonic oxide could be abolished. To 
investigate this the following arrangement was employed (Fig 2). 

Three thick-walled measuring cylinders, A, B, C, each of about 
650 c.c. capacity, and provided with tightly fitting paraffined corks, 
tubulated in the manner shown, were connected together by means of 
thick-walled rubber tubing. A was further connected, in the manner 
shown, with a cylinder of compressed oxygen, and a mercury pressure — 
gauge FZ, and with the vessel C. Screw clamps were placed on the tubing 
at E and F, and there was a three-way glass tap at D. The joints, — 
corks, etc. were carefully secured, so as to withstand the required 
pressure. The vessel B, having been first filled with water, was 
connected with the gas-holder of carbonic oxide, and filled with carbonic 
oxide, the water being sucked over into (C. The tap D was then closed. 
A mouse was now placed in A, which had been previously filled with 
oxygen. The cork having been pressed home and secured, the pressure 
in the whole system was gradually raised to the required amount by 
14—2 
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cautiously turning the regulating screw of the oxygen cylinder. The 
clamp EF was now closed, and D turned so as to connect A with B. 
Carbonic oxide could then be driven from B into A as required, by 
means of pressure from the oxygen cylinder. | 
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The following are the notes of an experiment. : 


7.15 
7.21 
7.26 


7.28 
7.29 


7.31 
7.32 


7.35 


Large mouse put in. 

Pressure raised to 70°5 cm. of mercury. % 

Mouse unaffected. Apparatus tight. 30c.c. of CO (giving a ten- 
sion of 6 °/, of an atmosphere of CO in A) driven into A. 

Slight hyperpneea. 

35 c.c, of CO sent in, so that tension of CO in A about 15 °/, of an 
atmosphere. 

Hyperpnea more marked. Often jumps up in vessel, as if un- 


easy. 

50 c.c. of CO sent in so that CO tension in A=about 27°, of an 
atmosphere. 

Mouse gets easily exhausted after any effort, such as jumping up in 
the bottle. 75¢.c. of CO sent in, so that tension of CO in A = 
nearly 50°/, of an atmosphere, 
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7.38 Mouse as before; can walk about quite well when A is held hori- 
zontally, but is exhausted easily by any effort. The whole of the 
CO now sent in, D and F closed and £ opened. Pressure in 
A = 139-5 om., so that tension of CO in A = 139°5 —70°5 = 69 cm., 
or nearly an atmosphere. 

7.47 No change in mouse. Walks about, and climbs on the tube when 
A is held horizontally, but is easily exhausted and somewhat 

sluggish. 

7.47-49 Pressure in A diminished to 63cm. by opening D outwards. 

: Mouse rapidly became helpless and unconscious, and began to 

gasp. Died at 4.51. 


Post-mortem. Liver and other organs bright red. A drop of blood largely | 
diluted with water gave the characteristic cherry-red colour, which was hardly 
appreciably altered on shaking some of the solution with coal-gas. The blood 


was thus practically saturated with carbonic oxide. 


This experiment shows that at a tension of two atmospheres of 
oxygen the poisonous action of carbonic oxide on mice is abolished. 
Apart from its action in putting the red corpuscles out of action as 
oxygen carriers carbonic oxide would thus appear to be a physiologically 
indifferent gas, like nitrogen’. | 

I have several times repeated the experiment just described, but 
have never found it fail. In some experiments the mouse was kept for 
half-an-hour or more in the vessel, until the carbonic acid tension must 
have been nearly great enough to affect the animal. 

It might be thought that the death of the mouse is perhaps due to 
the liberation of gas within its body, from too sudden diminution of 


pressure. Control experiments with pure oxygen or air showed, 


however, that this is not the case. Even a very sudden diminution of 
pressure, from giving way of a cork, did not injure the animal. 
Diminution of the pressure of a mixture of oxygen with a third of 
carbonic oxide does not, however, always kill a mouse, as shown by the 
following experiment. 


A young half-grown mouse had been kept since 1.25 at a pressure of 128 


gm, of mercury in an atmosphere consisting of about two-thirds of--oxygen 


and one-third of carbonic oxide. At the end of this time it remained quite 
lively. 


1 Experiments interpreted as leading to an opposite conclusion have been recently 
described by Marcacci (Archives Italiennes de Biologie x1x. p. 205, 1893) and Piotrowski 
(Archiv f. Anat. and Physiol. 1898, p. 205). Neither of these authors, however, furnishes 
analyses of the gas employed by them, or any other guarantee of its freedom from such 
probable impurities as carbonic acid and air. 
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1.49 Pressure reduced to 106 cm. | 

1.50. Decidedly worse. Legs tend to sprawl. 

1.52 Pressure reduced to 78 cm. 

1.55 Lying with its head on the bottom of sie jar, but does not remain 
on its back when put there. © 

1,57~-2.8 Pressure gradually reduced to 0. 

2.15 Mouse more torpid, but still does not remain on its back. Removed 
from the glass vessel and brought into the air. Immediately got 
worse. Lay on its back and had slight convulsions. Breathing 
ceased at 2.16 except for occasional gasps. Appeared once or 
twice to be dead. 

2.18 Respirations becoming more frequent. 

2.23 Still unconscious and does not move limbs. 

2.27 Shows signs of returning consciousness, and power over its limbs, 

4p.m. Completely recovered. 


Young mice are probably more capable of resisting asphyxia from 
carbonic oxide poisoning than older ones. This is what might be 
expected from the fact that young animals are difficult to drown, and 
may live for a short time in an atmosphere deprived of oxygen. 

To remove a mouse with safety from the atmosphere of carbonic 
oxide in the pressure apparatus it is necessary to replace the carbonic 
oxide by oxygen without in the operation letting the pressure down to 
less than about two atmospheres. When the carbonic oxide has been 
washed out the animal can be safely removed to air. 


In support of the hypothesis that carbonic oxide is, apart from its 


influence on hemoglobin, a physiologically indifferent gas I may quote 
here the following experiment, made on an animal devoid of hemo- 
globin. 

Two mixtures are made, the one of 20 volumes of oxygen and 80 of 
carbonic oxide, the other of 20 volumes of oxygen and 80 of carbonic 
acid. Into each of these mixtures a cockroach (Blatta orientalis) is 
brought. In the carbonic oxide mixture the animal is not sensibly 
affected, even after a week. In the carbonic acid mixture, on the other 
hand, a cockroach almost instantly exhibits convulsive movements, and 


1 In one experiment a cockroach was kept without injury in a carbonic oxide mixture 


~~ for 18 days. At the end of this time the residual atmosphere had the following composi- 


tion ; 
Carbonic oxide 71°41 
Oxygen 14°21 
Nitrogen 9°34 


Carbonic acid 5°04 
100°00 
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becomes quite motionless at the end of from 20 to 30 seconds’. It 
appears to be dead, but nevertheless recovers after a time if taken out 
before too long. This experiment shows in a striking way the contrast 
between the essentially indifferent gas, carbonic oxide, and the 
essentially poisonous gas, carbonic acid. 

It is now necessary to discuss more in detail the probability of the 
hypothesis advanced above that the abolition of the poisonous action of 
carbonic oxide when the oxygen tension is raised to two atmospheres is 
due to the fact that the animal can live on the oxygen simply dissolved 
in the blood. 

In the absence of directly obtained data as to the coefficient of ab- 
sorption of oxygen in blood we may provisionally take as a basis for cal- 
culation the number ‘0262, given by Zuntz’® as probable from the 
results of experiments by Paul Bert on the solubility of nitrogen in blood. 
Arterial blood contains usually about 20 °/, of its volume of oxygen, 
combined in the red corpuscles. Of this oxygen about six or eight 
volumes are, under ordinary circumstances, used up in the circulation, 
so that six or eight. volumes of oxygen would appear to be necessary to 
supply the normal requirements of the tissues. Now on the above 
assumption blood will retain in simple solution about 2°6 °/, of its 
volume of oxygen in presence of an atmosphere of pure oxygen, or 
about 0°5°/, in presence of air. At two atmospheres of oxygen blood 
will dissolve 5°2°/, of oxygen. This dissolved oxygen will, moreover, 


probably be particularly easily available for the wants of the tissues, . 


since its tension is very high, and it will therefore probably pass very 
easily and completely through the capillary walls. 

Now 5:2 volumes per cent. of oxygen will be scarcely as much as is re- 
quired by the animal. Nevertheless the latter possesses an easy means of 
making this reduced quantity suffice—namely by increasing the rate of 
the circulation. During any serious exertion the respiratory exchange 
of such animals as have been investigated is enormously increased— 
often to about ten times the normal value, or probably more. To cover 
this increase the rate of circulation must apparently be also very 
largely increased, probably by several times. Even were the whole of 
the oxygen of the arterial blood used up the quantity would not be 
anything like sufficient to supply the needs of the tissues during 
exertion, unless the rate of circulation were largely increased. 


1 An almost equally rapid effect is produced by putting the animal in pure hydrogen, 
and thus depriving it of oxygen. 
* Hermann's Handbuch, rv. 2, p. 16. 


SS 
> 
+4 
4 
a 
4 
a 
4 
4 
4 
3 
4 
an 
& 
¥ 
& 
j 
A 


916 J. HALDANE. 


If then the rate of circulation were similarly increased in an animal 
deprived of the use of its red corpuscles, but breathing in an atmosphere 
of oxygen at double the normal pressure, the requirements of the tissues 
for oxygen could easily be covered. It is also possible to see how, as 
in the last experiment on page 213, an animal might still live for a 
short time when deprived of the use of its corpuscles in an atmosphere 
at ordinary pressure consisting of two parts of oxygen and one of 
carbonic oxide. | 3 

There can be little doubt that with high carbonic oxide tensions, 
such as those employed in the pressure experiments just described, the 
corpuscles are practically saturated with carbonic oxide, and so put 
completely out of action’. Both theoretical considerations, and the 
examination of the blood of various animals which have died on 
lowering the pressure, confirm this assumption. In a future paper I 
‘hope, however, to communicate more direct evidence on this and a 
number of further points connected with, and suggested by, the action 
of carbonic oxide on mice and other animals, including man. 

The theory advanced seems to explain completely both the abolition, 
at high oxygen tensions, of the poisonous action, and the effect. of 
simultaneously diminishing the oxygen and carbonic oxide tension. As 
might be expected the effect of simultaneous diminution is most 
striking with high initial oxygen tensions. With initial tensions of less 
than an atmosphere the oxygen simply dissolved in the blood is of less 
relative importance to the animal, so that the symptoms come to 
depend chiefly on the relative affinities for hemoglobin of the two gases, 
and the effect on the animal of simultaneous proportional diminution 
of their tensions is less marked, as in the experiment described on 
page 209. Finally, the theory explains the fact that the slight effects 
_ produced by carbonic oxide even in presence of oxygen at two 
atmospheres of pressure do not increase on raising the carbonic oxide 
- tension above about 10°/, of an atmosphere. 


1 It might be thought that possibly the relative affinities of oxygen and carbonic oxide 
for hemoglobin are different at high pressures from what they are at low pressures, and 
that consequently the corpuscles are not saturated with carbonic oxide at the pressure 
employed in these experiments. To test this hypothesis I put a dilute solution of blood 
in the pressure apparatus, with a pressure of two atmospheres of oxygen, and observed its 
changes of colour on letting in carbonic oxide. But even with a tension of as little as 
10°/, of an atmosphere of carbonic oxide the solution gave on shaking the same tint as 
part of the same solution saturated with carbonic oxide. The saturation of the blood was 
thus practically complete at this tension, in spite of the high oxygen pressure. 
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Curer ConcLusIons. 


1, The poisonous action of carbonic oxide diminishes as the oxygen 
tension increases, and vice versd. At a tension of two atmospheres of 
» oxygen this poisonous action is abolished in the case of mice. 


2. The disappearance of the poisonous action is due to the fact 
that at high oxygen tensions the animals can dispense entirely with the 
oxygen-carrying function of hemoglobin. 


3. The poisonous action of carbonic oxide is entirely due to its 
power of combining with the hemoglobin of the red corpuscles, and so 
putting them out of action as oxygen-carriers. 
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ON THE EXCHANGE OF BLOOD-GASES IN BRAIN 
AND MUSCLE DURING STATES OF REST AND 
ACTIVITY. By LEONARD HILL, MB, Assistant Pro- 
fessor of Physiology,. University College, London, and Grocers’ 
Research Scholar; anp D. N. NABARRO, BSc. 


(From the Physiological Laboratory of University College, London.) 


SomE short time since in his Croonian lecture’ Mosso brought forward 
experiments to prove that the brain is a seat of active combus- 
tion. By a long series of thermometric observations published in his 
recent monograph” he has reached the conclusion that the temperature 
of the brain is frequently higher than that of the rectum, or even than 
that of the aortic blood. He has further found that the temperature of 
the brain rises still higher, when that organ is stimulated to activity 
either by direct excitation or by drugs. 

It becomes apparent, when one considers the quantity of blood which 
passes through the brain in any given time, that if Mosso’s results be 
correct, the formation of heat must be very great. This must be so, in 
order that the temperature of the brain should be raised perceptibly 
above that of the blood. | 

Hitherto, it has been found impossible, even by the most delicate 
thermometric instruments (such as the wire-resistance thermometer 
used by Rolleston’) to demonstrate the formation of heat in nerve. 
The heat which is produced by the brain, therefore, must owe its origin, 
as Mosso himself suggests, to the activity of the nerve cells, and the 
small amount of cortex must be capable of evolving heat sufficient to 
raise the whole brain above the temperature of the aortic blood which is 
continually circulating through every part of it. Even if we allow that 
in the conducting of impulses the nerve fibres can produce some amount 
of heat, yet the question of any active combustion in these fibres is 
certainly negatived by the delicate researches of Rolleston. 
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The position of Mosso, therefore, is that the thin cortical shell of 
the dog’s brain is endowed with such active metabolism, that it is 
capable of generating heat sufficient in amount to raise the brain above 
the temperature of the aortic blood which is ever streaming through its 
capillaries, and which is at the same time carrying away this heat from 
every part of that organ. 

It is difficult to ascertain the true temperature of the blood, as one 
of us (Hill) recently found in a similar research with W. M. Bayliss‘. 
Ia order to obtain concordant readings from any two thermometers 
which are placed in water it is necessary that the water should cover a 
certain empirical amount of the thermometer-stems, but it is very 
difficult to be sure, in the case of experimenting upon an animal, that 
exactly the same amount of stem is covered by tissues which are of the 
same temperature along the whole length of the stems. Thus the 
- thermometric method is far inferior to the thermojunction method. 
When a thermometer is placed in the carotid artery so that the bulb 
lies in the aortic blood-stream, the stem of the thermometer will lie in 
tissues which are rapidly cooling below the blood temperature, and the 
reading of the thermometer may be below that of the aortic blood. 

_ The positive results of Ludwig and Speiss on the formation of 
heat in the salivary glands were negatived by Bayliss and Hill. 

The cerebral circulation changes passively with every alteration of 
the general arterial or venous blood-pressure. This has been demon- 
strated by Roy and Sherrington’® and confirmed in a research, as yet 
unpublished, by one of us (Hill) and W. M. Bayliss. In particular, it 
must be remembered that, through the influence of gravity on the 
circulation of the blood’, the cerebral circulation will be affected by 
every change of position in an animal, and also it will be affected by any 
alteration in respiration or by movements on the part of the animal. 

We have found that an epileptic fit produced by cortical excitation 
or by administration of absinthe has an enormous effect on the cerebral 
circulation and on the general distribution of blood in the body. The 
injection of strychnine is followed by an equally striking effect. These 
are methods employed by Mosso to obtain elevations of temperature in 
the brain during the activity of that organ. 

Even granting that Mosso always obtained the true aortic tempera- 
ture, many of the recorded changes of cerebral temperature might, 
nevertheless, have been caused by the determination of venous blood to 
the brain through those changes in venous pressure which were aoucshaue 
by his experimental methods. 
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It will be remembered that Claude Bernard’ and later Heiden- 
hain* found the blood in the right side of the heart to be considerably 
warmer than the aortic blood.. It may be that Mosso did not obtain 
the true aortic temperature. His results in that case might be entirely 
due to the conditions of his experiments altering the relative distribu- 
tion of the blood in the brain and the body. It seems to us that the 
precautions taken by Mosso to eliminate the source of error which we 
have indicated were not sufficient. | 

On the other hand, the blood which flows from the venous sinuses 
when the torcula Herophili is opened is less venous in colour than that 
of the femoral vein. Mosso’s conclusions seemed entirely opposed to 
this fact and led us to investigate the relative exchange of blood-gases 
in the brain and in the muscles. 

Method. The research was carried out by means of the simple 
form of gas-pump which has been planned by one of us (Hill) for 
such researches and described in this Journal, vol. xvi. 1894. In 
the first place we reinvestigated the accuracy of this pump in every 
possible way. In the description of the pump it will be remembered 
that no drying chamber is mentioned. The gases, saturated with water 
vapours, are driven over into the eudiometer and any water which 
becomes condensed in the pump is returned to the blood bulbs by a 
simple manipulation of the tap. By the use of this method we have 
found that only a negligeable quantity of carbonic acid is lost in ab- 
sorption by the water. We have passed measured quantities of dry 
carbonic acid into the froth bulbs which contained some gas-free water, 
and we have been able to pump out the same quantity of gas within an 
error of two or three hundredths of a cubic centimetre. We have deter- 
mined, after the complete extraction of blood-gases with this pump, 
that no more carbonic acid can be obtained from blood by the addition 
of acid. Lastly, and this is the final test of the working value of any 
blood pump, we have made a fresh series of determinations of samples 
taken from the same defibrinated blood, and append an example. 


Four samples of defibrinated blood. 
Vol. p.c. Greatest. 
a 1 2 4 Average difference 
Total 38°08 38°61 39°25 38°74 : 
Co, 17°14 17°15 17°87 17-69 176i 098 


O 17°88 18°34 18°38 18°57 18°29 0°69 
306 3°12 3:00 2°48 
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When tested in every way, the working error of the pump is there- 
fore under 1 p.c., and this error is of no moment in comparative work, 
and seems to us to be entirely compensated for by the simplicity of the 
pump and its rapidity of action. 

_ A complete experiment, the collection and weighing of six samples 
of blood from an animal, and the extraction and analysis of the blood- 
gases, has been carried out by us in three hours. Eight to ten grams of 
blood is sufficient for each sample, and this quantity can be rapidly and 
simultaneously drawn from an artery and vein, the condition of the 
animal remaining uniform. 

_ It seems to us that very considerable errors may, in the older methods 
of Ludwig and Pfliiger, be due to the collection in each sample of so 
large a quantity of blood as 50—60 c.c., as alterations might arise in the 
condition of the animal during so long a time of collection. It is probable 
that these errors more than counterbalance the errors.in the reading of 
the eudiometer, which are increased by our use of smaller amounts of 
blood. 

In the earlier set of our experiments, successive samples of blood 
were collected from the carotid artery, the torcula Herophili and the deep 
femoral vein. In some cases samples of carotid blood were collected 
before and after the collection of the samples of venous blood, in order 
to eliminate variations in the general state of the animal. We found 
that in the condition of rest the gases of the carotid blood generally 
remained remarkably constant throughout the course of an experiment. 

In order to provoke a state of cerebral and muscular activity essential 
oil of absinthe was intravenously injected, and samples of blood were 
obtained from the veins and artery in the conditions of tonus and clonus. 
During the alterations in respiration consequent upon the development 
of the fit, we found that the gases of the carotid blood varied very 
largely. In the later part of our work, therefore, when we investigated 
the active conditions we changed our method, and both in states of rest 
and activity collected the samples of carotid blood simultaneously with 
the venous samples. This became our final method of procedure. 

Schoefer and Ludwig, and Hirschmann and Sezelkow® have 
shown that the gaseous contents of the carotid and femoral blood are 
practically the same; Pfliiger” confirmed this fact. The average of 
Pfliiger’s results was as follows :— 

Carotid 139 O CO, 
Femoral 1399 O 29% 
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In this way, error was, we believe, almost eliminated, for we simul- 
taneously obtained, in each state, samples of blood going to or coming 
from the brain or muscles, These samples of blood weighed 8—10 grms, © 
and were collected in small bulbs which had been rinsed out with oil, 
and the rate at which the bulbs filled was noted in each case. The 
blood was immediately transferred from these small bulbs to the vacuum 
froth-bulbs of the pump and defibrinated by shaking with mercury. — 
The froth-bulbs, after the necessary weighing, were kept in the cold 
until the gases were extracted. This course was followed because it was 
impossible to draw the blood straight from the torcula into the vacuum 
froth-bulbs. By comparative experiments it was found that the per- 
centages of the blood-gases were unaltered by this method. Blood 
taken from the carotid artery either into the small bulbs or directly 
into the vacuum bulbs yielded similar results, 1.e. within the limits of 
error of the pump. This is to be expected from the fact that the blood 
when it flows into the small bulbs is covered with a skin of oil, and the 
rate of exchange of gases from within or from without is exceedingly 
slow through any skin of fluid. The animals employed in the research 
were dogs; and the experiments were carried out under morphia nar- 
cosis. In a few experiments chloroform was employed in.the place of 
morphia. When the animal was anesthetised a cannula was placed in 
the central end of the carotid artery, another cannula was placed in the 
femoral vein just below the opening of the deep femoral vein and pointing 
towards its mouth. Both femoral vessels were ligatured below the deep 
femoral branches. The small blood-bulbs were connected by short 
rubber tubes with the ends of these cannulas, and the samples were at 
any time obtained by opening the clips placed on the rubber tubes. 
A second short piece of rubber tubing was placed on the other end of 
the blood-bulbs. As soon as the bulbs were filled with blood, strong 
clips were placed on this rubber tubing, the bulbs were disconnected 
from the cannulas, connected up with the froth-bulbs of the pump and 
the blood passed over into the latter. 

In order to obtain the cerebral venous blood the seis Herophili 
was trephined and the tubular end of one of the small bulbs was pushed 
directly into the trephine hole. The bore of this hole exactly fitted the 
trephine hole and*the blood from the superior longitudinal sinus flowed 
dixectly into the blood-bulb. It has been objected that the blood in the 
torcula might be contaminated by arterial blood coming from the 
cavernous spaces in the bone. This does not occur to any appreciable 
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extent, because we have always found that if a clot formed at the 
- opening of the superior longitudinal sinus the bulb refused to fill. 

After filling the bulb with blood the hole-was closed by a piece of 
brass rod which was screwed into it. Throughout the experiments, 
therefore, the flow through the transverse sinuses was uninterrupted, 
and similarly the flow of the deep femoral vein was uninterrupted. In 
both cases the blood was drawn. off into a temporary side channel. 

In many of the earlier experiments, samples were collected from 
_ each animal, both from the deep femoral vein and also from the torcula 
Herophili. 

In our later work in order to avoid experiments of too complicated a 
nature it was found better to collect samples during rest and activity 
from one only of these veins. Torcula samples were collected from one 
series of consecutive animals and femoral vein samples from another 
series. 


The results of such @ Series are given in the following tables :— 


Summary of Six Consecutive Experiments. Carotid Artery and Toreula. 
Corrected to 0° C. and 760 mm. 


Normal Tonic Fit Chonie Fit 


Carbonic 

acid Art. Tore. Diff. Art. Tore. Diff. Art. Tore. Diff. 
1 36°50 40°39 +3°89 43°34 47°24 +3890 25°01 28°23 +3-22 
2 87°70 40°04 +2°34 Analysis lost 35°35 87°48 +1°63 


8 | 86°29 41°80 +5°51 | 40°68 45°61 +498 | 25°88 30°29 44:46 
4 | 42°55 45°03 +248 | 48°44 50°69 +225 | 30°42 35°97 +5°55 
5q)| 46°32 51°75 +65°43) | 48°80 53°65 +4-85 


5a) | 45°84 60°37 +4:58 ; Sample not obtained 

6 4085 43°78 +2°93 43°73 48°05 +4°32 35°82 35°98 +011 

Average | 40°86 44°74 +3°87 44°98 4904 44-06 30°59 33°58 +2°99 
Oxygen 

1 17°04 13°67 -3°37 11°35 4631 -5-04 18°65 11°85 -6°80 

2 11°65 10°39 -1°26 Analysis lost 590 3°70 -2°20 

8 16°61 11°30 13°39 861 -4:78 16°75 961 

16°64 14292 Sample not obtained 
6 21-07 17°89 -3:18 | 20°81 14°36 -6°45 | 21°58 1899 


Average | 16°81 18°39 -8-42 | 15°17 10°22 -495 | 14:77 11°46 -4°31 
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Summary of Eight Consecutive Eaperiments. Carotid Artery and 


Femoral Vein. 
Corrected to 0°C. and 760 mm. 
Normal Tonic Fit Clonic Fit 
Carbonic 
acid Art. Vein Diff. Art. Vein Diff. Art. Vein Diff. 
1; 40°12 49°89 + 9177 45°22 53°03 + 7°81 Analysis lost 
85°56 4615 +10°59 29°55 59°23 +26°68 20°38 61°42 +31°04 
8 | 87904 45°39 + 7°95 41°78 60°25 + 8:47 25°58 39:19 +13°61 
4| 82°05 38°81 + 6°76 33°48 60°11 +16°63 86°97 51°93 +14°96 
5 | 27:38 42°76 +15°37 Analysis lost 14°52 83°71 +19°19 
6 | 48°44 48°40 + 4°96 41°92 69°15 +17°23 Analysis lost 
7 | 84:96 41°44 + 6°48 29°81 48°06 +18°25 29°21 47°09 +17°88 
8 | 49°59 57°83 + 8-24 54°98 61°99 + 7°06 Analysis lost 
Average | 37 89 + 8°76 89°53 53°48 +13°90 25°38 44°66 +19°33 
Oxygen 
1684 3851 -—18°33 15°32 484 -10°48 lost 
1834 447 -18°87 18°55 436 -14°49 18°87 "46 -18°41 
8} 1638 801 -1337 | 1407 3811 -10°96 19°21 714 -—12°07 
2060 449 -1611 19°51 229 -17°22 | 17°39 634 -—11°55 
5 | 1794 208 —15°86 is lost 14°62 205 -—12°57 
6; 1719 611 -12°08 16°95 247 -—14°68 Analysis lost 
7 | 20°07 18°29 - 6°78 21°39 2°54 -18°85 22°70 914 -13°56 
8 | 17°42 608 -12°39 13°20 3848 972 Analysis lost 
Average | 1810 65:12 -12°98 17°05 3880 -18°75 18°66 603 -12°63 


In the following table is a comparison of the average difference 
between the blood-gases in the deep femoral vein and the carotid 
artery and between those in the torcula and carotid artery. 


Femoral Vein and Torcula. Average Differences Compared. 


Normal Tonic Clonic 
pero Torcula + 3°87 + 4:06 + 2°99 


acid F. Vein + 8°76 + 13°90 + 19°33 
Oxygen Torcula — 3°42 — 4:95 — 431 
F. Vein — 12°92 — 13°75 — 12°63 


It will be seen at a glance that the metabolism of the brain is very 
low, and that it is scarcely increased during the stages of an epileptic 
fit. 

The metabolism of the muscles is during rest twice or thrice as 
great as that of the brain and is enormously increased in both the tonic 
and clonic stages of the fit. 

We drew the same conclusion from our earlier set of experiments in 
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which successive instead of simultaneous samples of blood were taken. 
These experiments have been omitted as far as they relate to the 
active state, owing to errors which we now know to arise from changes 
in the arterial blood during the fit. The results in the state of rest are 
published in a table at the end of this paper. | 

The result is manifest, without taking into account the rate of blood 
flow. Chauveau and Kaufmann" estimated that the rate of flow 
was three times as fast from active muscle as from resting muscle. 

The method they employed was to collect the blood which flowed 
from the cut end of the vein in given times, From the published 
experiments of Stewart™ we gather that the rate of flow of the blood 
through the brain is approximately the same as through the muscles of 
the leg, z.¢. the circulation time of the blood from the carotid artery to 
the jugular vein is about the same as from the femoral artery to the 
femoral vein. Stewart’s electrical resistance method gives us the 
values in the intact animal, and undoubtedly this is far the most 
accurate mode of experimenting on this difficult subject. There is no 
evidence therefore that the rate of flow is much greater through the 
brain than through the muscles, and to negative the results obtained in 
our experiments it would have to be as much as twice to six times as 
great. From our own observations on the time that the blood-bulbs 
take in filling we are led to believe that the rate of flow through the 
muscles is from twice to six times as fast during an epileptic fit. 

We did not find the rate of flow always so uniformly increased 
through the brain. This, we believe, to be due in part to the greater 
difficulty in the course of an experiment of accurately estimating the 
rate of flow from the torcula, for a blood clot may cause partial blocking 
of the outlet of the superior longitudinal sinus and thus impede the 
filling of the blood-bulb. = 

We know that the blood-pressure rises enormously during the 
absinthe fit, and the cerebral venous pressure passively follows this rise, 
and the cerebral arterioles do not share in the general constriction. In 
active muscle, on the other hand, the capillaries dilate, so that the 
conditions for increased rate of flow are probably about the same in 
both organs. | 

If we multiply our results by two to six the metabolism of active 
muscle will become enormously greater than that of the muscle in 
rest. 


Turning to earlier observations we find that Sczelkow™ obtained a 
difference of 
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O- 9 
CO.+ 671 


and of O — 12°26 
CO,+10°79 


in resting muscle, 


in active muscle. 


Sczelkow collected three samples consecutively :— 


(i) From the vein in state of rest. 
(ii) From the vein in state of activity. 
(iit) From the artery. 


He took from each animal 50—60 c.c. of blood for each sample. 

His method cannot be considered altogether satisfactory, both on 
account of the large amount of blood withdrawn from the animal and 
because the samples of arterial blood were not taken simultaneously 
with those from the veins. 

The gaseous exchange in the masticatory muscles of the horse was 
estimated by Chauveau and Kaufmann”, both when the animal was 
at rest and when it was engaged in chewing. The difference between 
the venous and arterial blood obtained by these authors was— 


Rest Activity — 
CO, + 87 +1020) _ 3060 
O 13-65 | — 40°95 


Chauveau and Kaufmann multiplied their results in activity by 
three, owing to the increased rate of flow. If we multiply our own 
results and Sczelkow’s results by three also, the following comparison 
between the three determinations of gaseous exchange in the muscles 
can be drawn— 


7 Rest. Activity 
Sczelkow CO, + 671 + 32°37 
-9 — 36:78 
Chauveauand) CO, + 87 + 30°60 
Kaufmann QO -—114 — 40°95. 
Tonic Clonic 
Hill and CO, + 8°76 + 41:70 + 57°99 
Nabarro O -1292 — 41°25 — 37°89 


A. Schmidt” employed a method of artificial circulation in order 
to avoid the errors which might arise from changes in the condition of 
the animal. His method was severely criticised by Pfliiger™, and his 
results cannot be accepted as exact, as the conditions of the normal 
animal were by no means fulfilled. 
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It seems to us that far the most exact method is to take samples of 
blood from the artery and the vein simultaneously. By this means any 
change in the animal’s condition is eliminated, as the difference 
determined is always that between the blood going to and coming from 
the organ. 

The greater difference in the blood taken from the muscles in the 
clonic stage is very noticeable. Pfliiger™ suggested that the vessels of 
the muscles are partly occluded during the tetanus and hence more — 
carbonic acid is given off after tetanus than during it. We have found 
that during clonus the animals breathe rapidly and the carotid blood 
becomes far more arterialised. The output of carbonic acid shane the 
lungs is therefore greatly increased. 

On the other hand, the animal in the tonic stage is sail in a 
condition of asphyxia. 

In the brain the difference is less in the clonic than in the tonic 
stage. 

From the above experiments it is clear that our results do not bear 
out the conclusions of Mosso, for it would appear that when compared 
with the muscles the brain is not a seat of active combustion, and 
considering the very small increase in CO, in the torcular blood it seems ~ 
to us very improbable that the temperature of the brain should be 
_ perceptibly greater than that of the blood. 


Summary of all the experiments in the state of rest and morphia 


narcosis. 
Average of 52 Arterial Samples = CO, 3764 °, 
O 18°25 °/, 
Average of 42 Torcular Samples = CO, 41°65 °/, 
O 13°49 °/, 
Average of 28 Femoral Vein Samples = CO, 45°75 °/, 
O 634 °, 


Average Differences. 
Art. Tore. Art. Vein 
CO, +401  £+ $11 
— 476 +1191. 
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Table of earlier experiments in the resting state. Samples collected 
successively. 
Corrected to 0° and 760mm. Vols. per 100 grms, Blood. 
No.of| Artery Torcula Fem. Vein | Diff. A. & T. Diff. A. & V. 
1 | 34°01 20°84 | 41°07 12°45 +706 -—8:39 
2 | 35°46 17°59 | 37°31 18°53 +185 -4°06 
8 | 45°15 16°31 51:20 7°32 + 605 —- 8-99 
4 | 38-60 17-92 | 41°73 14:17 | 44°64 10°99 | +813 -375 | + 604 —- 6°93 
5 | 39°68 18°88 | 43-04 13°61 | 47-48 5°35 | +3:36 -5:27 + 780 -13°53 
6 | 41:14 15°71 | 41°86 14:31 | 48:29 5:37 | +0°72 -1:40/ + 715 -10°34 
7- | 33°51 21°61 | 35°39 23°48 | 42-40 10:23 | +187] + 889 -11°38 
8 | 4449 16°77 | 48°52 13°74 | 54:32 6°94 | +4:03 -3:03 | + 983 - 9°83 
9 | 21-87 20-75 | 3857 16°48 | 39°08 5-09 | +6°70 -4:27/| + 7:21 -15°66 
10 | 36°51 17°83 | 38:46 16°20 | 42:25 11°83 | +195 -163 | + 5°74 - 6:00 
11 | 3463 17°04 | 35°85 15°31 +1°22 -1°73 
12 | 31°30 17:08 | 39°47 11°45 +817 -—5°63 
138 | 29°30 18°25 | 34°85 11°18 +5°55 -7:07 
14 | 38°25 26°30 | 40°39 18-96 +214 -—7:34 
15 || 38°31 19°16 | 40°40 13°82. +2°09 -—5°34 
16 89°18 18°73 | 42°57 14°66 +3°39 -4-07 
17 || 38°39 22°91 | 43°54 18°57 +515 —4°34 
18 (| 37°62 23°48 | 45°35 19°67 +773 -—3°81 
17 | 40°60 16°77 49°38 3°97 + 878 -12°80 
18 |} 39°30 15°53 | 42°96 11°95 +3°66 -3°58 
44-66 10-49 
19 82°85 20°30 | 33°13 18°25 | 45°10 +0°28 | +1225 
34°90 20°95 | 38°22 15°57 -5°38 
20 38°20 15°04 | 44°47 11°87 | 44°37 2°20 | +627 -3:17/ + 6:17 -12°84 
37°76 18°01 | 44°80 9°40 -8-61 
21 | 35°24 17-69 | 40°20 11:12 | 39°98 5°01 | +496 -657| + 4°74 -12°68 
22 (| 39°54 17°66 | 41°00 11-04 -—6°62 
88°50 19°12 | 44:96 10°46 +646 -8-66 
42°47 16°48 +3°97  -—2°64 
23 | 32°70 17°41 44:27 0°98 +1157 -16°43 
24 | 36°34 16°87 44°01 7°59 + 767 —- 928. 
25 | 40°01 10°88 | 46°21 5°85 | 47°14 0°80 | +620 -503/| + 7:13 -10°08 
26 28°92 12°61 35°95 5°75 + 7:03 6°86 
82°90 16°76 | 35-75 12°34 +2°85 -4-42 
27 || 40°51 21°69 48°28 815 + 777 -138°54 
41°80 21°38 | 45°32 15°93 +3°52 -5°45 
28 | 38°93 21°68 | 46°26 17°39 | 53°69 9°05 | +733 -429 | +1476 -12-68 
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THE PHYSIOLOGICAL EFFECTS OF EXTRACTS OF 
THE SUPRARENAL CAPSULES. . By GEORGE 
OLIVER, M.D., E. A. SCHAFER, F.RS. 


(From the Physiological Laboratory, University College.) 


I. Results of experiments with suprarenal extracts by previous 
observers. 


II. The extracts employed in this research. Their — and 
mode of administration. 


III. The physiological effects observed : 
| (a) General. 
(6) On the Arterial System. 
(c) On the Frog-Heart. 
(d) On the Mammalian Heart. 
(e) On the Respiration. 
(f) On the Skeletal Muscles. 
(g) On the Secreting Glands. 


IV. Effects compared with those of certain other drugs known to 
influence the heart and blood vessels. 


V. Is the active principle of the gland contained in the cortex 
or in the medulla? . 


VI. Effect of extract from diseased suprarenals (Addison’s as, 


_ VII. Action of various chemical and physical conditions upon the 
physiological activity of the extract. 


VIII. Mode of disposal of the active principle of suprarenal a 
in the organism. 


IX. Conclusions. - 
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I. RESULTS OBTAINED BY PREVIOUS OBSERVERS*. 


Pellacani, both alone’ and in conjunction with Foa’, appears to 
have been the first to investigate the effect of injecting extract of supra- 
renal capsule into animals. These observers used for the most part 
filtered aqueous extract of fresh suprarenal of the dog and calf, ad- 
ministering it subcutaneously. The following are some of the results 
which they obtained:—In a dog weighing 2,700 grammes having injected 
nearly the whole of an extract of neutral reaction made from two supra- 
renals of the calf, they observed on the same day no effect; temperature, 
respiration and the heart’s action remaining normal: on the following © 


morning, however, they found the animal dead. In a guinea- 


pig weighing 770 grammes they injected five grammes of an aqueous 
extract ; this amount containing the active principles extracted by water 
from about one-quarter of a gland of the calf. They note that twelve 
hours after injection the animal refused food, and that the temperature 
was lowered by one degree. One hour later the animal was found dead. 
Similar results were obtained in rabbits. They further injected into 
rabbits extracts from the liver of the calf and from the kidney of the 
calf, the injection being made into the jugular vein. In these cases also 
they found that death was produced. They seem to infer that the effect 
is a general one, common to many gland extracts. In a further research 
an extract equivalent to one gramme of the capsules, neutralised by 
soda, was injected under the skin of a dog weighing five kilogrammes. 
The animal soon became agitated, and was attacked by vomiting; the 
respiration became irregular and was dyspneic. This was followed by 
somnolence and general prostration, the temperature remaining normal. 
This condition lasted six hours. The next morning the animal was 
found completely paralysed, sensibility was lost, the respirations were 


_ frequent and superficial, Death ensued nineteen hours after the injec- 


tion and was produced apparently by suspension of respiration. In an- 


other dog, weighing nearly thirty kilogrammes, fifteen cubic centimetres 


of a strong watery extract made by digesting six capsules from the ox in 
50 c.c. of water were injected into a vein. This produced dyspnoea, 
agitation, frequency of cardiac beats, and subsequently diminished 
frequency. The respirations became more superficial and the heart-beat 
diminished in force. There was an evacuation of the bowel. Four 


* An epitome of recent observations, anatomical, physiological and pathological, on 
the suprarenal capsules is given by H. D. Rolleston in the British Medical Journal of 
March and April of this year (Gulstonian Lectures). 
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hours afterwards the temperature had gone up from 39°C. to 41'2; an 
hour later it was 40°; four hours later 38°, accompanied by great pros- 
tration. In another half-hour the animal died. 

In the frog these observers found that injection of the extract into 
the dorsal lymph sac was followed in about fifteen minutes by slowness 
of movement, the reflexes however being persistent. After twenty 
minutes the animal had ceased to move when placed on its back, and 
its sensibility and reflexes appeared diminished. Twenty-five minutes 
after the injection paralysis was general. Nothing is said about recovery. 

In most other animals, e.g. rabbits, Fod and Pellacani found that 
although after subcutaneous injection the animal appeared for the time 
tu be unaffected, it was invariably found dead the next morning. The 
statements of these investigators have been called in question by 
Alexander® and Mattei‘. 

_ Marino-Zucco’ has also published the results of some experiments 
as to the effect of extracts of suprarenal capsules. He obtained from 
these organs considerable amounts of neurin and seems early to have 
come to the conclusion that the physiological results got from the extract 
were due to the action of this substance; and in this conclusion he 
appears to have been confirmed by observations made in combination 
with Dutto*, which showed that in disease of the suprarenal capsules 
neurin makes its appearance in the urine. A further series of com- 
munications by Marino-Zucco in combination with Guaruceri’ lead 
to the same result, viz, that the toxic action of watery extracts of supra- 
renal capsules is due to their containing neurin. 


With the exception of two communications by Alexais and — 


Arnaud’, which we have been unable to consult, these are the only 
published observations that we have been able to discover with regard 
to this subject. None of the above observers mentioned seem to have 
investigated the effects of the extracts upon the blood-pressure, nor to 
have given graphic records illustrating their statements, which rest 
almost entirely upon direct observation of the animals employed. 

In connection with this subject, although not strictly speaking a 
part of it, we may briefly allude to the observations which have been 
made regarding the toxicity of extracts of the muscles in animals which 
have been deprived of their suprarenal capsules. We do not propose 
to refer at any length to the effects of this operation, preferring to 
reserve this subject for another communication. But it may be briefly 
said that our own results agree with those of Tizzoni® and of most 
recent observers which have served to confirm the conclusions of 
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Brown-Séquard”, viz. that extirpation of the suprarenal capsules is 
invariably followed sooner or later by death, and that the symptoms 
during life are those of extreme muscular prostration. Now it has been 
stated by Abelous and Langlois" that in animals which have been 
deprived of their suprarenal capsules the blood and the muscles contain 
a toxic substance which produces similar prostration in other animals, 
and especially in those which have been recently deprived of their 
capsules, but which have not yet shown any toxic symptoms; and they 
infer from the results of this experiment that the suprarenal capsules — 
have the function of getting rid of a toxic substance which is produced 
in the muscles and which accumulates in the blood; and that depriva- 
tion of the capsules causes this substance to accumulate in both blood 
and muscles. The general effects of the toxin are compared by them to 
those of curare; and the results which were obtained by Foa and 
Pellacani (especially the muscular paralysis which is caused, according 
to them, by the injection of suprarenal extract) have also been compared 
with the effect produced by curare. We refer to these observations 
because, as will presently appear, the results which we have ourselves 
obtained from the action of suprarenal extract upon the muscular 
system are in no way comparable to those produced by curare. 

We have made two preliminary communications of our results, 
accompanied by demonstrations, to the Puyetonopiont Society, in March, 
1894, and in March, 1895, — 


II. THe SUPRARENAL EXTRACTS EMPLOYED IN THIS RESEARCH. 
THEIR MODE OF PREPARATION AND ADMINISTRATION. 


The suprarenals employed by us have been obtained mainly from the 
calf, but also from the sheep, the guinea-pig, the cat, the dog, and from 
man. The physiological effects which we have noticed have been 
identical in all, the only difference being in the case of diseased supra- 
renals in man (Addison’s disease); in which case, if the disease be 
extensive, no effect whatever is obtained. 

Extracts of the glands were prepared with water, with sloobol of 
various strengths, and with glycerine. They were made either by 
digesting an ascertained weight of the fresh gland or of the dried gland 
in these menstrua, or, in addition, by boiling the infusion for a few minutes. 
The effects were equally pronounced whether in the form of infusion or 
in that of decoction, and whether the extract were made with pure 


* See this Journal, xvi. p. i. and xvu. p. ix. 
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water, with diluted alcohol or with glycerine. When an extract made 
with alcohol or with glycerine was injected it was diluted with water or 
salt solution and an equivalent amount of alcohol and glycerine diluted 
with water to'the same extent was injected into the animal as a control. 
Extracts were also prepared with absolute alcohol, ether, nigroin, and 
various other solvents. Such extracts were evaporated to dryness and 
the residue was either dissolved or suspended in water or salt solution 
and thus injected. With alcohol and ether absolutely free from water 
no active principle whatever was extracted by those fluids provided that 
perfectly dehydrated gland substance was used for the abstraction. The 
presence of a small amount of water in the alcohol or the water which 
enters into the composition of the normal fresh gland was sufficient to 
enable the alcohol to take up a certain amount of active material. Care 
has always been taken to employ solutions which had been filtered free 
from all obvious particles. In most of our earlier experiments an aqueous 
decoction representing one part of suprarenal capsule to six of water or 
normal saline was used for injection. In our later experiments the 
dried glands were for the most part employed for the preparation of the 
extract, and the solution used was 1 part of the dry material to 18 of 
water or normal saline. In some cases we have used a decoction con- 
taining 1 part of the dried gland to 100 of water, or even a weaker 
extract than this. 

The animals which we have experimented upon have been chiefly 
dogs, but we have also made a certain number of experiments upon cats, 
rabbits, and guinea-pigs, and one upon a monkey. For all experiments — 
involving vivisection, chloroform or ether, but usually chloroform, has 
been the primary anesthetic, this being followed by subcutaneous — 
injection of morphia, and in some cases of atropine. We have sometimes 
employed curare, but it can only be used in very moderate doses since it 
tends to antagonize the effect of suprarenal extract upon the blood 
vessels and to some degree upon the heart. 

The extracts have been usually administered by intravenous injec- 
tion, in which case a fine metallic cannula has been tied into a peripheral 
vein, and the extract injected directly from the hypodermic syringe into 
this. In all cases we have taken the precaution of washing out: what 
little extract may have remained in the cannula, and in the portion of 
the vein to which it was tied, with normal saline solution. In some 
instances we have administered the water-extract by the mouth and in 
others by subcutaneous injection, thus repeating the experiments of Foa 
and Pellacani; it will be shown later with what results. We have 
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further injected the extracts, diluted largely with normal saline solution, 
through the arterial system of the frog, the brain and spinal cord of 
which had previously been destroyed, in order to determine whether it 
produces a direct effect upon the blood vessels. 

Although we have occasionally employed larger doses for intravenous 
injection, in by far the majority of our experiments we have not injected 
more of the extract than was equivalent to 0°2 gramme of the fresh 
gland. Even this minute dose is much more than enough to produce 
the maximum effects upon the heart and blood-pressure, and in our 
later experiments we have adopted as a sufficient dose for intravenous 
injection 1 minim of a 1 in 18 decoction of the dried gland. This is 
equivalent to 00037 gramme of the dried gland or to 0015 gramme of 
the fresh gland (taking the proportions of water in this at about 80°/,). 
This dose still gives the maximum effect upon the heart and arteries 
of a dog weighing 10 kilogrammes. One and a half milligrammes 
therefore of the fresh gland per kilogramme of body weight is sufficient 
- to produce the maximum effect upon the vascular system. But, as will 
presently appear, the active principle of the extract is contained in the 
medulla alone, and one and a half milligrammes of the whole gland could 
not be reckoned to contain more than half a milligramme of medulla. 
Of this some four-fifths would be water, and by far the greater part of 
the remaining fifth, proteid substances, which do not pass into solution 
in the decoction. The actual amount of the active principle therefore 
in a dose which produces a maximum effect upon the circulatory system 
is infinitesimally small, and it is only by using extremely small quanti- 
ties of a highly diluted extract that a submaximal effect has been 
obtained. This we have done when we desired to compare the relative 
strengths of extracts prepared in the same manner from the suprarenal 
capsules of different animals. Our experiments in this direction have 
however up to the present led to no very definite conclusion. 


Ill. THe PHyYsIoLoGicAL EFFECTS OBSERVED. 


(a) General effects. 


We have injected subcutaneously comparatively large doses of 
aqueous suprarenal extracts into the dog, the guinea-pig, and cat without 
obtaining any obvious effect. The animals were usually unaffected by 
moderate doses, but with larger doses in the guinea-pig and the dog 
we have observed a slight transitory disturbance of the rate of the heart- 
beats, of the respiration, and of the body temperature. 


“4 
4 
4 
on 
4 
3 <a 
q 
: 
a 
“4 
vi 
a 
4 
ag 
a bs 
q 
t 
4 
t 


236 G. OLIVER AND E. A. SCHAFER. 


For example, in a small dog weighing 1:75 kilogrammeés, after the 
subcutaneous injection of an aqueous extract equivalent to 15 grammes 
of the fresh gland the following alterations of the pulse-rate, of the 
respiration and of the rectal temperature were observed. 


Before injection , Pulse-rate 116 
Respiration 28 
Temperature 38°8° C. 
30 mins. after injection  Pulse-rate 140 
Respiration 30 
Temperature 39°2° 
60 Pulse-rate 130 
Respiration 22 
‘Temperature 39°05° 
Pulse-rate 150 
Respiration 20 
Temperature 38°8°. 


But notwithstanding these disturbances the animal appeared quite 
well, and on the following morning was as lively as usual. A guinea- 
pig weighing 0°514 kilogramme and having a rectal temperature of 
37°5 C. was subcutaneously injected with an aqueous extract equal to 
1:29 gramme of the fresh gland at 11.30 a.m, when the following 
variations of temperature were observed. 


At 12 a.m. 8654 
» 12.80 p.m. 36°66° 
34°75° 
35°90° 
86°30". 


The only apparent general effects were a listless quiescent condition 
and refusal of food on the day on which the injection was made; but on 
the following morning the animal was as well as usual. 

__ In the rabbit the case was different. In this animal a large dose of 
suprarenal extract administered subcutaneously appears invariably to 
produce death; and this event may take place in half-an-hour, or it may 
be delayed until the following day, or it may not occur until after the 
lapse of a few days. After the injection the temperature (taken in the 
rectum) may fall and may become very low before death, or it may be 
but slightly affected on the day of injection, and yet the animal may be 
found dead the following morning. In half-an-hour after a large sub- 
cutaneous dose the animal may become listless, and may when interfered 
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with move languidly ; it may however preserve its normal movements 
in the hours following the injection and yet may die during the night. 

The following are typical examples of observations pati these 
conclusions. 


1. A rabbit full grown, breathing at the rate of 85 per minute, and 
having a rectal temperature of 39:15° C. at 11.45, was injected under the skin | 
of the back with suprarenal extract equivalent to 1:29 gramme of the gland. 
12.15, R. 64—8 and T. 37-75° C., movements slightly languid. Extract equal 
to 0°97 ‘gramme of the gland injected. 12.45, R. 64 and T. 369°. A further 
injection equal to 0°97 gramme of the gland was made. 1.15, R. 61 and 
T. 360°. Extract equal to 0:97 gramme of the gland was injected. 1.45, . 
R. 64, T. 36°65". 2.15, R. 76, T. 36:9°. An equivalent of 1-94 gramme of 
the gland injected. 2.45, R. 64, T. 36°1°. Extract equal to 0°645 gramme 
of gland injected. 3.15, R. 68, T. 37°. No further injection made. 5,15, 
R. 68, T. 37:1°.. At 11 on the following morning the animal was found 
sitting in a corner and when disturbed its movements were observed to be 
slow and languid. It refused food. R. 40—50, T. 354°. At 3p.m., R. 39, 
T. 35°. For 7 days before death, which occurred on the 9th day, the animal 
remained in a languid state, taking little or no food, with a low temperature 
(varying from 35° to 36°) and slow superficial and irregular respiration. The 
limbs twitched every now and then on attempting to rise and eventually the 
hindlegs became paralysed. The conjunctival reflex was retained and the 
pupils were not dilated. 


2. Two rabbits were taken of nearly equal weight (1°8 kilogramme). 
One was subjected to subcutaneous injection of suprarenal extract, and the 
other (as a control) to subcutaneous injection of salt solution. The rectal 
temperature of the former was 39-10° and of the latter 38°35°. An extract 
equal to 2°58 grammes of the gland was injected under the skin of the back 
at 11.45. At 12.15 the suprarenal rabbit was seized with clonic convulsions 
which quickly passed off. The rectal temperatures at 12.45, 1.45, 2.45, and 
3.45 were 38°10, 35°85, 34°85, and 35°4; while those of the control rabbit 
remained without any appreciable alteration and only once fell to 38°15. The 
respiration remained after the injection shallow and hurried all the day— 
being 150 as compared with 100 in the control rabbit; and the movements 
by the animal were languid. On the following morning the suprarenal 
rabbit was found dead in its hutch. 


3. rabbit, weighing 1-9 kilogramme, and having a rectal temperature 
of 37-15 and respiration 48 was injected under the skin of the back with 
extract equal to 2°58 grammes of the gland. In 30 minutes the temperature 
was found to be higher and the respirations more frequent and irregular 
(T. 37-75°, and R. 60—80) ; and the heart’s action had ‘become very rapid. 
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The movements of the animal however remained normal. A further injection 
of extract equivalent to 0°65 gramme of the gland was made. In 30 minutes 
more the temperature was found to be 36-90° and the respiration 60 ; and the 
movements remained normal. Notwithstanding this apparently favourable 
condition the animal was found dead on the following morning. 

4. A rabbit weighing 2°55 kilos, and having a rectal temperature of 37:6", 
was injected under the skin of the back with an extract equivalent to 6-45 
grammes of the gland. A control rabbit was injected with salt solution. In 
5 minutes we observed in the suprarenal rabbit violent and frequent action of 
the heart and rapid shallow breathing. In 10 minutes the animal showed 
sudden symptoms of distress, fell over upon its side, and had a rectal tempera- 
ture of 37:1; and in 35 minutes after the injection was made, death took 
place suddenly and without convulsions, Post-mortem examination failed 
altogether to reveal the cause of death. In another rabbit of less weight 
(1-40 kilogramme) the subcutaneous injection of extract equal to 3°225 
grammes of the gland produced death in 30 minutes. In this case in 10 
minutes after the injection the movements of the animal became much less 
active and the heart’s action increased considerably in force. Death took 
place quite suddenly and an immediate post-mortem examination did not 
reveal the cause of it. The heart chambers were all contracted, and no clots 
were found. Furthermore, in all the cases in which the animals were found 
dead the morning following the injection or after a longer interval the cause 
of death has not been revealed by post-mortem inspection. 


From the observations we record later on as to the effect of the 
gland-extract upon the respiration we should not anticipate that death 
had been produced by paralysis of the respiratory centre. It is however 
possible that the material obtained from the gland, which—in rabbits 
only in our hands—has produced death under these circumstances, is of 
different nature from that which has such an extraordinary activity in 
stimulating the muscular tissue of the heart and blood vessels when 
injected into a vein. ! 

With smaller subcutaneous doses than were employed in the fore- 
going experiments, but doses which injected into the veins would produce 
an enormously powerful physiological effect, we have failed to detect 
any indications of disturbance of function, either on the day on which 
the injections were made, or on the following day. 

The general effects of the subcutaneous injection of suprarenal extract 
in the frog in a dose equivalent to 0°3 gramme of the fresh gland are 
sufficiently striking. For the first few minutes the animal appears to 
be unaffected. After about 10 minutes its movements have usually 
become languid, but if held by the leg it is still able to kick with great 
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force. After another 5 minutes its voluntary power over the muscles is 
greatly diminished and it reacts little if at all to cutaneous excitation. 
It is quite unable to recover itself if laid on its back. Soon however 
this condition begins to pass off so that by half-an-hour after the dose 
has been administered the animal again appears to be nearly, if not 
quite, in a normal condition. Even considerably larger doses are re- 
covered from within a comparatively short time. That the paralysis 
is not peripheral like that produced by curare is shown by the results of 
stimulating the muscle-nerve preparation when the effect is at its height 
(see p. 264 and fig. 20): it must therefore be due to the action of the 
poison upon the central nervous system. The languid movements 
which are manifested may be the result of the effect which the extract 
has in prolonging the individual contractions of the muscle fibres. 


(b) Effects on the arterial system. 


The methods which we have employed for determining the effects of 
suprarenal extract upon the arterial system are 

1. The ordinary mercurial ymograph. 

2. Plethysmographs of various kinds and adapted to various organs, 

such as the ordinary plethysmograph of Mosso for the limbs and the 
oncometers of Roy for the spleen and kidney. 
_ 3. The perfusing of Ringer’s circulating fluid ninlatuing supra- 
renal extract through the arterial system of the frog after the nervous 
system had been destroyed; noting the result of the passage of the 
extract in altering the rate of flow through the blood vessels. 

4, The results of direct ocular evidence upon both the large and 
the small blood vessels, 

All the above modes of observation have given marked evidence of 
contraction of the arterioles (figs. 1, 2 and many others). This con- 
traction is so great as to produce (even when concomitant vagus action 

has caused a great diminution in the rate and force of the heart’s beats) 
a large rise of blood-pressure, and, in the case of the frog, with its 
nervous system destroyed, almost complete cessation of the flow of 
circulating fluid through the arterioles. This contraction of the 
arterioles, thus producing as it does a great rise of blood-pressure 
within the arterial system, causes a passive expansion of the larger and 
medium sized arteries, so that these vessels are seen to swell almost to 
bursting, and to be proportionately elongated. The effect of the con- 
traction of the arterioles upon an isolated organ enclosed by a plethys- 

mograph is different according as this passive swelling is well marked 
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or not. The usual effect of the extract is to produce contraction of such 
isolated organs. The limb shrinks in size (figs, 8, 9), the kidney dimin- 
ishes greatly in volume (fig, 2), and the spleen contracts enormously (figs. 3, 
4), while the heart and the larger blood vessels are enormously distended. 
Sometimes however an organ, especially a limb, expands (figs. 2, 7). 


itd 


i il 


Fic. 1. Dog, weight 16 kilos. Chloroform, afterwards morphia. Vagiuncut. Effect of 
injecting extract of 0-2 gramme dog-suprarenal. Delayed inhibition. 
A, auricle; B, ventricle; C, femoral artery; D, injection of suprarenal (watery extract), 
the line D also indicates 0 pressure; E, time in 0°5 sec.* 
In some experiments where two or more organs (such as the right and 
left fore-limb, or one fore-limb and one kidney) were under investigation 
at the same moment one was found to contract and another to expand 
(figs. 2, 4, 6, 7), the former owing its contraction to the active dimi- 


* All the curves except those given in fig. 12 are to be read from left to right. They 
are photographically reproduced and are for the most part half the actual size. 
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nution in size of its arterioles, whilst in the latter this active contraction 
was more than compensated by a dilatation due to the passive increase 
| in size of the larger blood vessels. It was moreover usually found that 
! in the later stages of experimentation there was a greater tendency to 
qi passive dilatation, especially of the limbs, but also sometimes of ‘the 
kidney (fig. 5). We have not made a large number of experiments upon 
the’spleen, but in none of them have we got any dilatation except a very 
slight preliminary expansion, probably caused by the increased hearts 
action, and it may fairly be assumed that although we are unable to 
record any plethysmographic observations upon the intestines, the great 
rise of blood-pressure which invariably follows the injection of the extract. 
is in all cases due very largely to the contraction of the arterioles of the 
splanchnic area. 


* 


Fic, 7. Effects of suprarenal extract upon heart, limb, spleen and blood-pressure, 
after section of cord. 
In some cases we have noticed in organs enclosed by a plethysmo- 
graph an apparent struggle between diminution in size resulting from 
contraction of the arterioles and the expansion due to swelling of the 
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larger blood vessels; and some of our curves show a passive dilatation 
at the beginning of the effect of an injection followed by a prolonged 
diminution in size due to a more marked contraction of smaller arteries 
having supervened (fig. 6 C, and fig. 7 (forearm)). That the medium 
sized arteries also participate in the dilatation is evident from the fact 
that these always have been found to pour blood out freely from the 
wounds necessitated by the experiment during the ee action 
of the extract injected. 

That the contraction of the arterioles is due to the direct sition of 
the active principle of the gland upon the muscular tissue of the blood 
vessels, is shown by the experiment of perfusing through the blood 
vessels of the frog already mentioned ; it is also demonstrated by the 
fact that it occurs equally well after section of the spinal cord, and after 
section of the nerves going to the limb. This is well exemplified in the 
tracings represented in figs, 8 and 9. In these two figures we record 
tracings of the blood-pressure and of the alteration in volume of the 
right and left fore-limbs respectively of a large dog, weighing 20 kilos: 
the other lines in the tracing being respectively the time intervals and the 
blood-pressure abscissa. In fig. 6 both limbs are under exactly the same 
conditions ; but in fig. 7 the brachial plexus was cut in the right limb, 
but left intact in the other. Nevertheless the curves are as nearly as 
possible similar. 

The rise of blood-pressure always occurs after a certain interval of 
latency. No doubt this interval is mainly occupied by the passage of 
the extract injected, from the peripheral vein towards the heart, and 
thence into the arterial system. Invariably there 1s a rise of blood- 
pressure, never a fall, even temporarily, at the commencement of the 
injection. We have recorded this latent interval between the commence- 
ment of injection of the extract into the vein and the commencement 
of the rise of blood-pressure in the artery in every case. In the dog it 
averages 20”. In other animals it is somewhat different; and indeed 
would naturally vary with the size of the animal and rate of its circu- 
lation. The rise of blood-pressure takes place, whether the vagi be cut 
or not, whether atropine has been injected or not (figs. 1, 2, 3, 4, 5). 
It is however much greater after section of the vagi or after injection of 
atropine (figs. 4, 5, 15), because, as will presently be seen, there is usually 
a concomitant effect upon the cardiac inhibitory centre in the medulla 
oblongata which tends to produce slowing or stoppage of the auricular 
contractions. The rise is usually very rapid ; sometimes the pen of the 
kymograph rises almost vertically. In very many cases there is a rapid 
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rise for a few millimetres, followed by a more gradual rise or even in 
some cases by a slight decline. This however is instantly followed by 
an even more rapid rise than the first. The blood-pressure may in this 
way mount up, especially after previous section of the vagi or the 
administration of atropine to a height of from 2 to 5 times or more that 
which it had originally (figs. 4, 5,15, 16): indeed, even although we have 
employed an exceptionally long manometer, in more than one instance 
the mercury has been entirely driven out from the open end of the 
tube. This rise of blood-pressure after section of the vagi or after 
administration of atropine is not entirely due to the action of the drug 
upon the blood vessels, it is also, as will presently be seen, largely 
augmented by the increased action of the heart. The blood-pressure 
having risen to a maximum height is maintained for a certain number 
of seconds nearly at the same level. But before long it begins 
gradually to fall, and after a variable time, depending partly upon the 
animal employed, partly upon the amount and potency of the extract 
employed, it is found to have regained the normal level. The longest 
time that we have found the action of the extract upon the blood- 
pressure to be prolonged as the result of one dose has been 4 minutes 
in the case of the dog (weight 20 kilos, dose 0°19 gramme), and 6 minutes 
in the case of the rabbit (dose 0°096 gramme). But if the extract is 
allowed to flow slowly but continuously into the vein the pressure is 
kept up as long as the flow is continued, and for the usual time after it 
is discontinued. There may sometimes be seen upon the course of’ the 
declining curve one or two irregularities, but we have generally found 
that these are produced either by an occasional explosive respiration or 
by a struggle. As a rule the decline of the curve is gradual with a 
slight dip towards the abscissa. During the whole period of the elevated 
blood-pressure caused by the injection of the extract the Traube- 
Hering curves are usually abolished (fig. 10), to appear again at the 
‘close of the effect of the injection (provided that they have been 
‘apparent before the injection was made). We have further ascertained, 
both in the cat and in the rabbit, that during the whole period of the 
rise of blood-pressure resulting from suprarenal injection the effect of 
central stimulation of the depressor nerve is altogether in abeyance; as 
the blood-pressure approaches the normal, slight depressor effects are 
obtained ; and when the normal blood-pressure is reached the full etfect 
of depressor stimulation is again manifested (fig. 11, I. and IT). 

Finally it may be noted as the result of the obstruction due to the 
contraction of the arterioles and the great rise of venous, and hence of 
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capillary pressure which may thereby supervene, extravasations of blood 
are liable to occur in certain organs, and especially in the liver. 
(c) Effects of the extracts upon the isolated frog-ventricle. 

In these experiments the heart of the ordinary frog (Rana tem- 
poraria) was tied in the usual manner to a perfusion cannula and fed 
through this with Ringer’s circulating fluid. The expansion and 
contraction of the ventricle were transmitted through oil to a hori- 
zontally moving piston, the movements of which were recorded upon a 
slowly moving horizontally placed drum*, and gave an exact measure of 
the amount of fluid driven out from the heart at each contraction ; 
time in seconds being also recorded upon the drum. Connected with 
the perfusion cannula were two reservoirs of Ringer’s circulating fluid, 
one of which contained a definite amount of suprarenal extract, and by 
a slight alteration in the position of a spring clip or by the use of a 
3-way tap either the ordinary circulating fluid, or the circulating fluid 
containing suprarenal extract could be passed through the ventricle. 

‘In one case, as a control, the experiment was so arranged that a 
decoction of frog-muscle was added to Ringer’s circulating fluid instead 
of suprarenal extract, our object being to determine whether the effect 
which was obtained from the extract upon the heart was a general effect 
produced by the decoction of any tissue or whether it was an effect 
special to the organ under investigation. As might be anticipated, 
the result was quite different from that yielded by suprarenal extract. - 


7 Fig. 11. IL. 
Fre. 11. Large rabbit. Chloral. A, carotid; B, abscissa and signal; C, time 1”. 
I. Effect of stimulating depressor in absence of suprarenal. 
II. Absence of effect on stimulation of depressor during suprarenal rise of pressure. 


The first signal marking in II. indicates injection of extract, the numbered markings 
indicate excitation of depressor nerve. At 10 the depressor effect has re-appeared. 


* This Journal, v. p. 130. 
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The general results which we have obtained from observations upon 
the isolated ventricle under different conditions of its activity may be 
briefly stated as follows: 

(1) When the rhythm of the isolated ventricle is imperfect. When 
a frog’s heart is perfused with a saline solution, such as Ringer’s 
circulating fluid, it is not uncommon (especially at the beginning of the 
experiment, but sometimes during a prolonged period) for the rhythm 
of the ventricle to be imperfect, so that either (a) it does not beat 
spontaneously at all, or (b) its contractions only recur after long intervals 
of time, or (c) its beats manifest Luciani’s groups, all of which are 
probably signs either of temporary malnutrition or of lack of sufficient 
excitation for the production of the regular rhythmic beat. The first 
effect which the addition of suprarenal extract to the circulating fluid 
invariably produces is in the case of (a) to produce spontaneous 
contractions, of (b) to accelerate the rhythm, of (c) to lengthen the 
groups, that is to say, to increase the number of beats in each group. 
Very soon the contractions in all cases become regular, and in the last — 
case there is soon apparent a tendency to abolish the grouping altogether 
and to cause the rhythm to be uniform (fig. 12 A). 

(2) Suprarenal extract if perfused through a heart which is beating 
feebly appears to have a tendency to increase the strength of the 


contractions. This is however a point which we cannot speak very 


positively about, because in most of our experiments the heart-beat was 
at its maximum of force with the Ringer’s solution alone. It abolishes 
the “staircase” in Luciani’s groups. 

With a certain proportion of suprarenal extract an effect which i is 
well-marked is the reduction in the time of the pause between two 
successive heart-beats, so that with a certain strength of the solution 
the pause may be entirely obliterated, and the beats succeed one 
another without any apparent interval. 

_ A further stage in this action, which obtains with solutions of still 
greater strength (1 p.c. and upwards), is that the beats begin to run the 
one into the other, one contraction succeeding another before the 
completion of the preceding diastole. The result is that the dilatation 
is imperfect, and may ultimately be almost entirely or quite obliterated, 
so that eventually the heart stops in systole (fig. 12 B). If however the 
circulating fluid containing suprarenal extract be now washed away 
with ordinary circulating fluid the heart may completely recover, and 
the experiment may be repeated two or three times in the same fashion. 

Our results with the frog-heart as compared with that of the 
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mammal show that relatively larger doses are required to produce a 
marked effect, and a similar statement will apply also to the results 
obtained with the blood vessels and skeletal muscles of the frog. 


(d) Effects on the mammalian heart. 


In this series of experiments the muscular contraction of each part 
of the heart has been inscribed graphically in the following manner 
(fig. 13): a fine steel hook is caught in the epicardium of the auricle, 
and another in that of the ventricle; from these hooks fine cotton 
threads pass first over pulleys moving on a horizontal axis, and then | 


_Fia. 13, Diagram of method employed to record the contractions of the parts | 
of the mammalian heart. 
8, 8, F Been re screws ; r, r, riders for attachment of threads. In the apparatus actually 
used the steel levers are much longer and thinner than in the diagram, 


vertically downwards, to be attached to long levers made of flat springy 
steel. To the ends of the levers writing pens are attached; and the 
lever is so constructed that it yields to the least pull of the thread. In 
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order that the pull df the ventricle shall not affect directly the thread 
which is attached to the auricle, a metallic ring is passed through the 
aperture made in the thorax to expose the heart, and into the peri- 
cardial cavity between the auricle and ventricle; those of the right side 
of the heart having generally been used. This ring serves sufficiently to 
fix the base, and to prevent the action of the one part from directly 
affecting the lever which is connected with the other. Sometimes in 
place of using this ring, the base of the ventricle, at the auriculo- 
ventricular boundary, has been held firmly by a clip. __ : 

The extracts were administered by intravenous injection, and the 
contractions of the auricle and ventricle were invariably recorded at the 
same time as the blood-pressure, and in some cases also at the same 
time as the plethysmographic observation of one or more organs. These 
experiments like those upon the blood-pressure have been performed 
upon dogs, cats and rabbits, but by far the greater number upon dogs. 

Firstly, it may be remarked that the effect which extract of 
suprarenal produces upon the heart is entirely different according to 
whether it is observed with the vagi intact or with the vagi cut or 
paralysed by atropine. When one or both vagi are intact and the 
animal is under chloroform only, or under chloroform in conjunction 
with morphia, the most striking effect upon the heart is the inhibition 
of the auricles. Their action, after the period of latency necessary for 

the passage of the solution to the heart, is rapidly stopped in diastole, 
in othér words, they are powerfully inhibited. But usually this inhibi- 
tion of the auricle is preceded by a short period of augmentation. — 

In one or two cases the primary period of augmentation has been 
prolonged for two or three minutes. But even in these cases, provided ° 
the vagi are intact, the inhibition ultimately succeeds it, the vagus 
action having been only deferred until after a period of augmentation 
and acceleration (compare fig. 14 with figs. 15 and 16). As in most 
other cases where the auricle is caused to stop by vagus action, the 
ventricle immediately recommences beating but with an altered rhythm; 
a rhythm which is invariably slower than before. This is well ‘ex- 
emplified in fig. 14, which shows in the top line the tracing of the 
ventricle, in the second that of the auricle, in the third that of the 
blood-pressure, and in the other lines the blood-pressure abscissa and 
the time in half-seconds. The deferring of the inhibitory action which 
sometimes occurs is shown characteristically in fig. 15 and fig. 1. 

The inhibitory action of suprarenal extract is not a direct action 
upon the heart. That this is so is evidenced by the fact that after 
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destruction of the medulla oblongata, after section of the vagi (fig. 16), 
or after the administration of even a small dose of atropine (many 
figures) the inhibition entirely disappears. The effect which is then 
obtained is invariably augmentation and acceleration ; a well-marked 
increase in the force and frequency of the auricular beats accompanied 
by a similar increase in force and frequency of the contractions of the 
ventricle. This increase in force may be so great in the case of the 
auricle that the excursion of the lever is four or five times its original 
amount (fig. 17). The effect lasts as a rule as long as the elevation of 
the blood-pressure, apparently therefore as long as the contraction of 


Fie. 18. At x fibrillar contraction of ventricle, caused by suprarenal extract. The 
curves beyond this are caused by the artificial respiration. 
_ the arterioles; remaining at a maximum for a certain period, and after — 
this gradually declining. It is usually followed by an after-effect, in 
which the force and frequency of the heart’s beats are both somewhat 
diminished. _ 
In a single experiment, one of very many which we have performed, 
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the intravenous injection of the extract began by producing the ordinary 
effects upon the circulating system. At the moment however when the 
blood-pressure had attained its full height the ventricle passed into a 
condition of fibrillar contraction from which it failed to recover. The 
tracing of this experiment is given in fig. 18. 


(e) Effect on the Respiration. 


We have investigated the effects on the respiration in the’ rabbit 
and in the dog. Similar results are obtained in both, but the effect is 
most marked in the rabbit. It occurs for the most part soon after the 
administration of the drug, and may result in arrest of respiratory 
movements for a short time. More commonly, however, there is 
_ produced a shallowing of the respirations, which persists for a certain 
period and then gradually passes off (fig. 19). In the dog no stoppage 
of respiration was ever obtained, but the respirations although pro- 
ceeding with an ordinary rhythm were for a few times slightly 
shallower. 


(f) Effect on the Skeletal Muscles 


The effect of subcutaneous injection of suprarenal extract upon the 
voluntary muscular contractions of the frog have already been noted — 
(p. 239); we have further also made a graphic record of the effect of 
the drug upon the muscle-curve. This effect is well exemplified in 
fig. 20, in which A is a normal muscle curve from an unpoisoned 
gastrocnemius of a frog, and B is the result of a similar stimulation of 
the poisoned muscle. It will be seen that in both cases the period of 
latency is about the same, and that the height of the curve is nearly 
similar, but that the curve is greatly prolonged in the case of the 
muscle which has been acted upon with suprarenal extract. In the dog 
we have made similar observations, recording upon a myograph the 
contraction of one of the forearm muscles, which was stimulated through 
its nerve by a single induction shock before and after suprarenal 
extract was injected into a vein. This gave results quite similar to 
those obtained in the frog. The normal curve is prolonged; but the 
period of latency is not increased. The effect is not a fatigue effect, 
but is comparable rather to the effect of a slight dose of veratria. 
Moreover we found the effect upon the muscular system of the dog to 
remain long after the result of the action of the extract upon the heart 
and blood vessels had disappeared. We think it, therefore, possible 
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that the extract after itis injected into the blood may be taken up into 
the muscular system, and that this may account for the gradual dis- 
appearance of its action upon the other organs. It is needless to say in 


Fic. 20. Effect of suprarenal extract upon muscle contraction in the frog. 


A, normal muscle-curve of gastrocnemius; B, curve taken during suprarenal 
poisoning, but otherwise under the same conditions as A. Time 0-01”. 


view of the curves which we give that the effect is in no way comparable 
to that of curare, for the muscle reacts through its nerve, just as 
powerfully or even more powerfully than before to the same stimulus, 
and not only is the contraction not diminished, but it is greatly 
maintained, the period of relaxation being vastly prolonged. 


(g) Effect on Secretory Glands. 


We have investigated the effect of suprarenal extract upon the 
secretion of the submaxillary gland, and upon the nervous mechanism 
of that gland. Without entering into details of the methods employed, 
which were precisely the same as those which have been used by all 
workers on the subject of the secretion of that gland, we may state 
briefly that we have not found any difference in the amount of secretion 
of the gland to result from suprarenal extract, either when it is 
secreting spontaneously or during excitation of its nerves. In spite of 
the extensive contraction of the arterioles produced by the extract, 
stimulation of the chorda produces as free a secretion as’ usual. 
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IV. Tue PHyYsIoLogicaAL Errects oF SUPRARENAL EXTRACT CoM- 
PARED WITH THOSE OF CERTAIN OTHER DRUGS WHICH ARE 
KNOWN TO INFLUENCE THE HEART AND BLOOD VESSELS. 


We have thought it of interest to compare the physiological effects 
upon the heart and arteries of suprarenal extract with those of certain 
substances known to influence those. organs, and especially digitalis, 
ergot, and neurin. We have used for this purpose freshly prepared 
decoction of digitalis leaves, liquid extract of ergot and various solu- 
tions of neurin and compounds of neurin, especially phosphate and 
glycerine-phosphate. We were led to investigate the action of neurin 
chiefly from the fact that certain observers have stated that the 
physiological results obtainable from extract of suprarenal capsules are 
due entirely to the neurin which they contain. 
| 1. Digitalis and Ergot. With comparatively large doses of 

digitalis (a freshly prepared extract from 0°22 grammes of the leaf in a 
dog weighing 7°7 kilos injected into a vein) hardly perceptible effects 
were obtained upon the blood-pressure, whereas in the same dog the 


Fie. 21. Dog, 6:3 kilos. Morphia, atropine. 
At B intravenous injection of ergot. 


administration of an extract containing the active substance of 
001 gramme of suprarenal caused the blood-pressure to rise two to 
three times its original height. With ergot we have also got very 
insignificant results. The dose which we used was the extract of — 
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1-5 grammes of the powdered drug and the effect of an injection of 
this dose into a dog weighing 6°3 kilogrammes is shown in fig. 21. 
The effect upon the blood-pressure of an injection of 0°06 gramme of 
suprarenal extract into the same dog was. enormous. 

2. Newrin. We have used preparations of neurin made for us from 
yolk of egg by Mr B. Moore of this laboratory, and also a preparation 
obtained from Kahlbaum. We have employed, besides the base itself, 
the phosphate and glycero-phosphate and also the hydrochlorate of 
neurin. It has been stated by Marino-Zucco that the toxic effects 


Fie. 22. Dog, 9 kilos. Morphia. Artificial respiration. Vagi cut. 


A, ventricle; B, auricle; C, carotid. Time 0-5”; D, intravenous injection of neurin. 


which are obtained from extract of suprarenal capsule are due rather to 
these salts of neurin than to the base itself in an uncombined form: 
we have however obtained similar results from all, results in no way 
similar to those yielded by suprarenal extract. Fig. 22 shows the 
effect of the injection of a solution of neurin into the circulation of a 
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dog weighing 9°09 kilogrammes. It will be seen that the result is 
entirely different from that which suprarenal extract produces. Indeed 
one of the most marked features of the curve is a preliminary fall in 
the blood-pressure, and although this is succeeded by a slight rise, the 
latter is again speedily replaced by a permanent depression. 

Cervello”, who has written an extensive article upon the physio- 
logical effects of neurin, and gives the results of experiments upon the 
blood-pressure, found that the neurin which he employed produced a 
certain rise of blood-pressure. For example, before section of the vagi 
a rise of blood-pressure was produced by the dog of from 156 mm. to 
262 mm. (maximum), and after section of the vagi from 168mm. to 
264 mm., under both circumstances the heart was slowed. The doses 
employed were large, and the results obtained are perfectly insignificant 
compared with those yielded by the minute doses of suprarenal extract 
which we have used ; the amount of neurin which these doses of extract 
contain must be absolutely imperceptible. Moreover the effects obtained 
by Cervello as the result of the action of neurin upon secretion, upon 
the heart and upon the muscles are all entirely different from those 
produced by suprarenal extract. We conclude therefore that the 
effects resulting from injection of this extract are not due to any 
neurin that it contains, and it will be obvious by a glance at the 
tracings that the effects produced both upon the heart and blood 
vessels are vastly different and more potent than those of even such 
drugs as digitalis and ergot, which have a widespread reputation for 
increasing the contractions of the muscular tissue of the heart and 
blood vessels. 


V. Is THE ACTIVE PRINCIPLE OF THE GLAND CONTAINED IN THE 
CoRTEX OR IN THE MEDULLA? 


We have investigated the comparative activity of extracts prepared 
respectively from the cortical and medullary portions of the suprarenal 
bodies. In order to avoid as much as possible any .contamination of 
the one part of the gland with the other we have frozen the glands, and 
having first sliced away portions of the cortex and prepared these, have 
then proceeded deeper until we came to the medulla. On arriving at 
the medulla we have sliced away the cortex from the sides also and 
then were able to prepare portions containing medulla alone. The 
extracts of both cortex and medulla were made by boiling weighed 
portions for a-few minutes in salt solution and precisely the same 
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proportions of gland to salt solution were used in each case. The 
results of these experiments are quite decisive. Injection of a large 
dose of extract of the cortical substance has little or no effect, whereas 
extract of even a minute dose of decoction of the medullary sub- 
stance produces the ordinary physiological results to a prodigious degree 
(fig. 28). 

We conclude therefore that the active principle of the extract is 
contained entirely in the medulla, the very small effects which we have 
sometimes got from extracts of cortex being probably to be explained 
by post-mortem diffusion of the medullary es or other accidental 
contamination. 


Vi “THE EFFECT OF EXTRACT OF DISEASED SUPRARENALS 
(Addison’s disease). 
We have investigated the effects of dilute alcoholic and watery 


extracts of suprarenals which were extensively diseased (Addison’s 
disease), and microscopical examination of which showed complete 


Fie. 24. Dog, 5°56 kilos. Morphia, atropine. 
A, femoral; B, abscissa of blood-pressure and signal of intravenous injection 
| of extract of Addison suprarenal. 
caseation of the medulla and a sclerosed condition of the cortex. These 
produced no effects when injected into the blood vessels of dogs. We 
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conelude therefore’ that in advanced Addison’s’ disease the « physio- 
logically active substance of the suprarenal capsule is no longer pro- 
duced (compare the tracing in fig. 24 with those in figs. 25 and, 26). 


VII. Tse Errects oF Heat, Actps, ALKALIS, AND PEPTIC DiGEs- 
TION ON THE ACTIVE PRINCIPLE OF SUPRARENAL EXTRACT, — 


As will be seen from what we have already said the temperature of 
boiling water produces no effect upon the physiologically active principle; 
but if the boiling is prolonged for some hours the activity gradually 
diminishes, and may ultimately disappear. The active principle does 
not however distil over. Dilute acids, even mineral acids, appear to 
have no effect in altering the activity of the gland, and the same remark 
applies to the combination of hydrochloric acid and pepsine which is 
met with in artificial gastric juice. In order to test this we took a 
portion of active suprarenal extract and digested it for 24 hours in an 
active artificial gastri¢ juice at the temperature of the body. Some of 
this acid solution we injected into the veins of a dog, and noted the 
physiological effects, which were very marked. We then took a similar 
portion of the same extract which had not been treated with artificial 
gastric juice, but in order to imitate the physical conditions as nearly as 
possible we added it to the same proportion of dilute hydrochloric acid 
as that used for the first injection. This was then injected, and a result 
exactly similar was obtained. Finally as a control experiment we took 
a similar amount of the dilute hydrochloric acid alone without the 
addition of suprarenal extract, and injected this also at the same rate 
into the vein. This produced no perceptible physiological effect. 
Alkalis, on the other hand, diminish, and after a time destroy the effect. 
We do not however propose to enter further in this place into the 
chemical part of the inquiry, nor to narrate the attempts which have 
been made to isolate the active principle of the gland extract, since 
this portion of the subject has been taken up by Mr B. Moore, of this 
laboratory, and the results he has up to the present obtained have 
been published in a preliminary communieation made to the Physio- 
logical Society in March 1895 and already published in this Journal. 

Suffice it to say that the active principle appears to be identical 
with a substance which was first obtained by Vulpian™ from the 
medulla of the gland, and the solutions of which assume a rose-red 
colour on exposure to the air or to oxidizing reagents. — 
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VIII. or Disposan oF THE ACTIVE PRINCIPLE or SUPRA- 
RENAL CAPSULE IN THE ORGANISM. 


Our first experiments on this part of the subject were directed to 
ascertain whether the principle is eliminated by the kidneys. In order 
to determine this point we first injected a definite amount of suprarenal 
extract into the blood vessels of the dog, and obtained the usual marked 
physiological effect, lasting 4 minutes. We then clamped the renal 
blood vessels so as to eliminate the action of the kidney and injected a 
precisely similar amount. The duration and extent of the effect were, 
as far as we could determine, as nearly as possible exactly similar. 

In a similar experiment we determined the effect of a definite 
amount of the extract before and after clamping the suprarenal capsules. 
This operation also produced, in our experiment, no appreciable effect 
upon the extent and duration of the action of the principle. It then 
occurred to us that the material might in some way become destroyed 
by direct action of the alkaline salts of the plasma or of some other 
principle in the blood. We accordingly mixed a certain amount of supra- 
renal extract with arterial blood from a dog, and a similar amount with 
a normal saline solution. The two portions of extract were then allowed 
to stand for 22 hours, the one in contact with blood, and the other with 
salt solution only. On injection of the same amount of these two fluids 
we obtained almost precisely similar results. We conclude therefore that 
the blood itself has little or no tendency to destroy the active principle. 

The action upon the muscles appears to be prolonged beyond that 
upon the heart and blood vessels (p. 268); and we have concluded from 
this that it is possible that the active principle may be for a time at 
least stored away within the skeletal muscles. 


IX. CONCLUSIONS. 


It appears to be established as the result of these investigations 
that, like the thyroid gland, the suprarenal capsules are to be regarded 
although ductless, as strictly secreting glands. The material which they 
form and which is found, at least in its fully active condition, only in 
the medulla of the gland, produces striking physiological effects upon 
the muscular tissue generally, and especially upon that of the heart and 
arteries. Its action is to increase the tone of all muscular tissue, and 
this result is produced mainly if not entirely by direct action. On the 
other hand the removal of the suprarenal capsules produces extreme 
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weakness of the heart and muscular system generally, and great want of 
tone in the vascular system. A similar result is known to be character- 
istic of advanced disease of these organs (Addison’s disease). It may 
fairly be concluded therefore that one of the main functions, if not the 
main function, of the suprarenal capsules is to produce a material which 
is added in some way or another to the blood, and the effect of which is 
to assist by its direct action upon the various kinds of muscular tissue 
in maintaining that amount of tonic contraction which appears to be 


essential to the physiological activity of the tissue. Any further con- 
clusion than this we cannot legitimately draw from our experiments, and 


we do not propose at this time to discuss such other conclusions as it 
may be possible to arrive at from the results of ablation experiments’. 


ADDENDUM. 


Since writing the above we have seen in the Centralblatt f. Physto- 
logie (No. 4, Bd. ix.) an account of experiments by Szymonowicz 
and Cybulski upon the effect of intravenous injection of extracts of 
suprarenal capsules, and Prof. Cybulski has been good enough at our 
request to send us a copy of the original papers, which are apparently 
preliminary in nature*. These communications are nearly a year later 
in date than our first preliminary communication to the Physiological 
Society®, but the observations have been made apparently without 
knowledge of our work. It is satisfactory to find that certain of our 
facts and observations have been thus independently confirmed ; at the 


same time we cannot avoid noticing certain striking divergencies. We 


have kept back this present communication for a month that we might 
take the opportunity of repeating some of our earlier work in order to 
determine whether we had made mistakes upon the points of diver- 
gence. We have however not seen reason to alter any of our original 


statements. 


The main point of difference is that according to Szymonowicz 
and Cybulski the extract acts not directly upon the blood vessels but 
upon the vasomotor centre. In confirmation of this they state that the 


1 We are indebted to Messrs Willows, Francis and Butler for furnishing us with a - 
large supply of suprarenal material for the purposes of our experiments, and to Mr B. 
Moore for assistance in the many and complicated manipulations necessitated by the 
simultaneous registration of the volume or pressure-curves of the organs investigated. 

2 “Ueber die Function der Nebenniere,” Vorgelegt in d. Sitz. der Akad. d, Wissensch. 
in Krakau vom 4. Febr, u, 4. Miirz, 1895, 

3 Proc. of the Physiol. Soc., March 10, 1894, in this Journal, Vol. xvi. - 
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action is not obtained after section of the cord. We have however 
found that the activity is just as great after section of the cord and even 
after section of the nerves to a limb, and, in the frog, after complete 
destruction of the central nervous system; we are unable therefore to 
understand how it is that the Polish physiologists have arrived at a 
different conclusion. The chief points in which they confirm our obser- 
vations are in the fact that boiling does not destroy the extract (although 
we find that prolonged boiling does so); that the medulla is more active 
than the cortex (we find the cortex inactive); that the cardio-inhibitory 
centre is stimulated by the extract ; that the active principle is destroyed 
by alkalies, but not by acids, nor by gastric juice; that the active 
principle dialyses ; that it is active in very minute doses; that the effect — 
on the respirations is but slight. On the other hand, Cybulski finds 
that drying (at 110°C.) destroys the action, whereas we have usually 
employed dried material to obtain our results; that alcohol dissolves 
the active principle (which we find not to be the case for absolute 
alcohol); that while arterial blood does not destroy the active principle, 
permanganate of potash does’. On this fact Cybulski founds a theory 
that it is got rid of in the body by oxidation. The most important 
facts added by Cybulski are contained in the statements that the 
blood of the suprarenal vein contains the active principle of the gland in 
sufficient amount to produce marked physiological symptoms, and that 
the changes in the circulatory and respiratory systems accompanying 
deprivation of oxygen are no longer obtained in animals which have 
been deprived a few hours previously of their suprarenal capsules. 
These statements we have not as yet had the opportunity of testing’. 
June 24, 1895. 


PAPERS REFERRED TO. 


Pellacani. Arch. per le sci. med. 111. 1874. 

Foa and Pellacani. Ibid. vu. 1884. 
Alexander, ©. In Ziegler’s Beitrage, x1. 1892. 
Mattei, Eug. di. Arch. per le sci. med. vi. 1883. 
Marino-Zucco, F. Chem, Centralblatt, 1888. 


1 Moore has found that oxidation of an active extract with H,O, materially weakens 
the physiological effects. (Proc. Physiol. Soc., March, 1895.) 

2 Note added on July 9th. I have now carefully tested these statements in three cases 
but have been unable to arrive at the same results. They are undoubtedly incorrect. The 


absence of asphyxial symptoms observed by Cybulski was probably the result of severe 
shock, (E. A. 8.) | 
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ON THE PHYSIOLOGICAL ACTION OF EXTRACTS 
OF PITUITARY BODY AND CERTAIN OTHER 
GLANDULAR ORGANS. By G. OLIVER, M.D. anp 
E. A. SCHAFER, F.RS. 


(Prelimimary Communication.) 
From the Physiological Laboratory, University College, London. 


ACCOMPANYING our investigations into the physiological action of 
extracts of the suprarenal capsules published in preliminary form in 
the Proceedings of the Physiological Society, March, 1894, and in the 
Proceedings of the same Society, March, 1895', and which have just 
appeared at length in this Journal, we have pursued similar investiga- 
tions into the effects of certain other gland-extracts and especially 
extracts of pituitary body, of thyroid and of spleen. The extracts we 
have employed have been prepared for the most part with water or 
_ glycerine, and either from the fresh glands or from glands dried rapidly 
at 38° C. 

The most striking immediate result of intravenous injection of 
extracts of any of the above organs is upon the blood-pressure. By 
pituitary extract this is markedly raised; by thyroid extract it is 
lowered ; and by spleen extract it is at first lowered and then somewhat 
raised. Of the extracts of the three organs in question that of 
pituitary body is by far the most marked. The rise of blood-pressure 
produced is rapid, its amount varying with the initial pressure. The 
fall is slow and the maximum pressure is maintained for many 
minutes if the dose ha§ been sufficient. As with suprarenal extract 
the rise is due to a combination of two causes, viz. (1) contraction of 
arterioles and (2) augmentation of heart-beats. As with suprarenal 
extract it occurs in mammals equally well with the cord cut or the bulb 
destroyed. Doubtless therefore the action is a peripheral one and this 
is confirmed by the fact that when added to Ringer’s —! fluid 


1 This Journal, Vols. xvi. and xvu. 
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and perfused through the vascular system of the frog with nervous 
system destroyed the flow of fluid is greatly diminished. Also as with 
suprarenal, boiling for a short time does not affect its activity. The 
chief points which differentiate it from the action of suprarenal extract 
are the following :— 

1. A much larger dose is required to produce the same amount 
of rise ; indeed it is not possible to get even with very considerable 
doses so extreme a rise of pressure as is obtainable—with cut vagi—by 
a very small dose of suprarenal. Although its action is well marked 
pituitary extract is therefore, as compared with suprarenal extract, less 
active. 

2. The pressure rises more slowly but is maintained for a longer 
time: the active substance is therefore less readily eliminated from the 
blood than that of the suprarenal. | 

3. The inhibitory action upon the heart which is characteristic of 
suprarenal extract when injected into a dog with intact vagi is not 


observed with pituitary extract. 


4. The accelerating action upon the heart which is so characteristic 
of the action of suprarenal extract in an animal with vagi cut or 


 atropinised is absent with pituitary extract under the same conditions ; 
_ and indeed is generally replaced by a slight diminution in frequency : 


the beats of both auricle and ventricle may however be-augmented in 
force, although this does not occur to so great an extent as with supra- 
renal extract. 

The action of water or glycerine extracts of thyroid (boiled) is the 
reverse of that of pituitary or suprarenal extracts. The effect upon 
blood-pressure is to produce a fall when injected into a vein, and it has 
been shown by one of us (Dr Oliver) that in man the inception of 
thyroid extract tends to produce enlargement of the calibre of the 
radial artery whereas inception of suprarenal tends to produce the 
opposite effect. The action upon the circulatory system of the dog as 
shown. by the tracings of blood-pressure indicate that the effect of 
thyroid extract is not only of a different character but also far less 
marked than that of pituitary and therefore of course very much less 


than that of suprarenal. It is also, as compared with either of these, 


of relatively short duration. Nor are we as yet prepared to assert that 
it is certainly specific, for a somewhat similar result is obtained by 
intravenous injection of decoctions of some other glandular organs—e.g. 
parotid and submaxillary glands of the dog. This is the case also with 
spleen-extract, but the result is somewhat different for extracts of this 
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give a curve of blood-pressure which is apparently characteristic of the 
organ, viz., a preliminary fall, followed by a gradual rise, and this again 
succeeded by a slow return to the normal, Our investigations into the 
effects of these and other gland extracts are still in progress, and we 
have merely stated the general results upon the blood-pressure here 
because of the marked contrast they offer to the effects of suprarenal 
and pituitary. 

These observations would appear to indicate that the opinion which 
has been freely expressed that the pituitary and thyroid are vicarious 
in function, and which has been based upon the apparent enlargement 
of the pituitary after thyroidectomy, is probably incorrect, seeing that 


extracts of the two glands — entirely contrary ph —e 
effects. 


July 8, 1895. 
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‘NOTE ON REGENERATION OF PRZ-GANGLIONIC 


FIBRES OF THE SYMPATHETIC. By J. N. LANGLEY, 
F.R.S., Fellow of Trinity College, Cambridge. 


In a former Paper I’ have given an account of some observations on 
the origin from the spinal cord of the nerve fibres which are present in 
the cervical sympathetic, and of the peripheral distribution of the fibres 
derived from each spinal nerve. These observations—which in part 
confirmed and in part extended the results of others—showed that 
in the cat the first seven thoracic nerves sent nerve fibres to the 
cervical sympathetic ; that the fibres of each nerve had its characteristic 
distribution. Thus the Ist thoracic nerve supplied the pupil and the 


 nictitating membrane but sent few or no fibres to the vessels of the ear, 


and none to the hairs of the face and neck; the 2nd thoracic differed 
from the Ist in sending a considerable number of fibres to the blood 
vessels of the ear, and as a rule in sending more fibres to the nictitating 
membrane and fewer to the pupil; the 3rd thoracic sent a few fibres | 
only to the pupil; the 4th thoracic sent none to the pupil, a few only to 
the nictitating membrane, but as a rule sent a few to the hairs of the 
face and neck; the 5th also sent no fibres to the pupil, very few and 
sometimes none to the nictitating membrane, but some to the vessels of 
the ear and to the hairs of the face and neck. The 6th and 7th thoracic 
supplied the hairs only, the 6th sending more fibres to them than 
the 7th. 7 

There is good ground for believing that all these fibres of the cervical 
sympathetic terminate in the superior cervical ganglion, the impulses 
they normally convey passing to the nerve-cells of the ganglion and so 
to the nerve-fibres given off by the cells. 

Suppose now that the cervical sympathetic is cut, and the ends are 


‘placed together. Presumably the cut peripheral fibres will regenerate. 
If they do, will they grow past the superior cervical ganglion, and form 


1 Phil, Trans., Vol. 183. B. 85. 1892. 
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nerve-endings in the peripheral structures, or will they terminate around 
the cells of the ganglion? And in the latter case, will the fibres of each 
spinal nerve become connected with only those nerve cells with which 
they are normally connected, or will they run indiscriminately to such 
cells as may be on their course, so that for example the upper thoracic 
spinal nerves can cause erection of hairs and the mid thoracic spinal 
nerves dilation of the pupil ? 

On June 25 of last year I cut in an etherized kitten (ten to twelve 
weeks old) the right vagus and sympathetic nerves in the neck foug to 
five centimetres below the superior cervical ganglion. Both nerves 
were cut, since in the neck they are closely joined by connective tissue, 
and it seemed to me that the less this was injured the less chance there 
would be of a growth of connective tissue between the ends of the 
sympathetic. The cut ends of the ner were placed in contact. The 
operation had the usual result of section of the cervical sympathetic. 
On the cut side the nictitating membrane covered one-third to a half of 
the cornea, the eyelids were closer together, the pupil was smaller, the 
blood vessels of the ear dilated. For a month the symptoms remained 
much the same, and then slowly and steadily decreased. Two months 
after the operation, the nictitating membrane and pupil showed a slight 
difference only in the two sides, At the end of three months it was 
difficult to be certain of a difference in the nictitating membrane on the 
two sides, but the pupil on the cut side was still a trifle smaller. Later 
all effects of the operation had apparently disappeared. The animal 
was still kept, in order to give time for complete regeneration. On 
June 25, 1895, that is a year after the operation, the animal was 
anzsthetized, the spinal cord cut across just below the 7th cervical 
vertebra, the spinal nerves from the 8th cervical to the 7th thoracic 
on each side tied in the vertebral canal, the corresponding portion of 
the spinal cord removed. The nerves were then stimulated with a 
weak tetanizing current and the effects on the pupil, eye, and nictitating 
membrane were first observed and subsequently those on the blood 
vessels of the ear and on the hairs of face and back of neck. 

In the following Table the results are given, and it will be under- 
stood that unless otherwise mentioned the right and the left nerves had 
no difference in effect, 
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After stimulating the spinal nerve the vagus and sympathetic in the 

neck were exposed on each side. The vagus on the right side was tied and 
cut a little below its superior laryngeal branch, ¢.¢. centrally of the point of 
original section. Stimulation of the central end gave certain reflex effects; 
stimulation of the peripheral end did not cause contraction of the oesophagus 
in the neck or any appreciable slowing of the rate of heart-beat. The vagus 
on the opposite side caused of course both effects. 


The cervical sympathetic was stimulated, and the usual iets 
noted, two drops of warm 1 p.c. nicotin were then brushed over 
the superior cervical ganglion. After this, stimulation of the 
cervical sympathetic had a barely appreciable effect and that 
only on the nictitating membrane. Hence, the regenerated fibres 
had not grown out to the periphery, but ended in the ganglion. 

On examining the nerves where they were cut originally, the usual 
spindle-shaped swelling was found, the connective tissue sheath of this 
' surrounded both the vagus and the sympathetic. The nerves of both 
sides were treated with osmic acid and sections made. The right sym- 
pathetic centrally of the junctional swelling, 1.e. low in the neck, was 
normal in appearance; peripherally of the swelling, up to the superior 
cervical ganglion, the medullated fibres were less densely packed ; 
fewer medullated fibres, and more non-medullated fibres being 
present. A rough count of the medullated fibres gave about two 
thousand centrally, and about eleven hundred and fifty peripherally of 
the cut. The branches given off by the superior cervical ganglion were. 
normal, the anterior branches contained, as is usual in the cut, many 
small medullated fibres. — 


Notwithstanding that a return of function was not found in the vagus, 
there were many medullated fibres in the peripheral part of the nerve low in 
the neck, They were however much fewer than on the opposite side, and 
they were more separated from one another by non-medullated fibres. 
Centrally of the junctional swelling, i.e. in the upper part of the neck, there 
were more medullated fibres than peripherally, but distinctly fewer than on 
the opposite side. Some observations of Gad and Joseph bear on the latter 
point, and I may return to it at a later time. 


The experiment appears then to give a decisive answer to the 
various questions I have raised earlier. The sympathetic regenerates, 
though the regeneration is not quite complete. The regenerated fibres 


1GadandJoseph. Arch. f. (Anat. u.) Physiol. 1889, p. 204. 
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do. not grow out past the superior cervical ganglion, but end in the 
ganglion itself, Further, the fibres from each spinal nerve end in 
connection with their proper nerve cells. Thus the fibres of the Ist 
thoracic nerve again become connected with nerve cells supplying the 
nictitating membrane and pupil, and leave entirely on one side the 
nerve cells supplying the blood vessels and the muscles of the hairs, 
The fibres of the 4th thoracic nerve pick out the nerve cells supplying 
the blood vessels and the hairs, and pass by the nerve cells supplying 
the pupil. And a similar selective power is shown by each spinal 
nerve, The only feasible explanation appears to me to be that the 
sympathetic fibres grow out along the peripheral piece of nerve,—as 
nerve fibres usually are supposed to grow out—spreading amongst the 
cells of ganglion, and that there is some special chemical relation 
between each class of nerve fibre and each class of nerve cell, which 
induces each fibre to grow towards a cell of its own class and there to 
form its terminal branches. At bottom then the phenomena would be 
a chemiotactic one. 

It is with considerable hesitation that I give an account of a single 
experiment, I do so, however, because I am doubtful whether I shall 
be able to undertake further inquiry for some little time to come, and 


the questions involved may perhaps seem sufficiently interesting to lead 
others to investigate them, 
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THE INTRAVASCULAR COAGULATION PRODUCED 
BY SYNTHESISED COLLOIDS. By W. D. HALLI- 
BURTON, MD. F.RS., J. W. PICKERING, D.Sc. 
George Henry Lewes Student. 


(From the Physiological Laboratory of King’s College, London.) 


Introduction. Recent investigations have shown that there are two 
classes of substances, both metabolic products of the organism, which 
when intravenously injected will introduce intravascular clotting. The 
first class, termed nucleo-albumins', consists of various tissue extracts 
all of which are characterised by containing nuclein, and consequently 
phosphorus; while the second class, which includes the proteoses of 
the venom of certain snakes’, is distinguished by the absence of phos- 
phorus from its molecule. 

More recently one of us (Pickering*) has published an account of 
the effect produced by the intravenous injection of certain synthesised 
colloids, which in their characteristic reactions are strikingly similar to 
proteids. The following is a summary of the chief points contained in 
that paper: (1) Three synthesised colloids, hereinafter termed the 
colloids A, B, and C, respectively were investigated. The colloids A 
and B are formed by the interaction of phosphorous pentachloride and 
meta-amidobenzoic acid in sealed tubes at a temperature of 125° and 
135° ©, respectively. The resulting products are according to their 
discoverer, Prof. Grimaux‘ of Paris, intramolecular anhydrides formed 
by the union of several molecules of meta-amidobenzoic acid with the 


1 Halliburton and Brodie. This Journal, xvu. 135. Pekelharing, Centralblatt 
fiir Physiologie. 4 Mai, 1895. Hft. 3. 

2 Martin and McGarvie- Smith. Proc. Roy. Soc. N.S.W. (1892), and this Journal, 
xv. 380 (1894), 

* Pickering. This Journal, xvi. 54 (1895). Comptes Rendus de l’Académie des 
Sciences (Paris), 17 Juin, 1895, T, cxx. p, 1348, and Comptes Rendus de la Société de 
Biologie, 14 Juin, 1895. 

* Full bibliographical notice of Grimaux’s researches will be found in Pickering’s 
paper in this Journal. 


PH. XVIII. 20 


si 
4 
a 
a 
4 
2 
y 
3, 
>. 
2 
G 
Ps! 


286 W. D. HALLIBURTON AND J. W. PICKERING. 


elimination of water. They are repeatedly washed in warm water, 
until all traces of the contaminating phosphoric acid is removed, and 
finally dissolved in ammonia and evaporated down at the temperature 
of the laboratory. Analysis shows that they contam no phosphorus 
when pure. (2) The colloid C is formed by the action of a current of 
gaseous ammonia heated to 170°C. on solid aspartic anhydride. The 
product of the reaction after solution in water should be evaporated 
down in vacuo. (3) Each of these substances resembles albumin, in 
(a) its physical properties, (b) in the temperature necessary to determine 
its heat-coagulation, (c) in the salts and physical conditions which 
influence (retard or accelerate as the case may be) its heat. coagulation, 
(d) in its yielding many of the colour reactions hitherto deemed 
diagnostic of either proteids or of their katabolic products. (e) In 
their behaviour with the precipitants of proteids (f/) when intra- 
venously injected in a 1°/, to 2°/, solution they produce extensive 
intravascular clotting. Further they do not precipitate the proteids 
of white of egg, of serum, or of extravascular plasma. 

The general conclusion of the author was that these substances in 
their chemical reactions are strikingly similar to globulins and in their 
physiological action on the rabbit to nucleo-proteids’. 

The present paper consists of a further account of the phenomena 
produced by the intravascular injection of these substances into various 
animals, | 

Method. The procedure followed in each case, except where other- 
wise stated, is the same as adopted by the authors in their previous 


“papers on blood coagulation. Intravenous injection was performed 


through the external jugular vein, samples of blood when taken were 
withdrawn from the carotid on the opposite side. In all cases an 
anesthetic was used, usually ether. The figures in brackets refer to 
the protocols of experiments at the end of the paper. In all cases 
post-mortem examination was performed immediately after death. 

The solutions used varied in strength from 0°5°/, to 2°/, and were 
dissolved in distilled water except where otherwise stated. The 
solutions of the pure material are colourless, or pale straw-coloured, 
faintly opalescent and neutral. Even a very strong solution (e.g. a 5°/,) 
is only slightly viscid. Each of the colloids apparently acts in a similar 
manner. The colloid A will generally be referred to throughout the 
text, confirmatory experiments with the colloids B and C will be found 


1 We have throughout this paper adopted the name nucleo-proteid instead of the term 
nucleo-albumin formerly used by one of us (H). 
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in the protocols of the experiments (Exps. 2, 4, 9, 11, 12, 19, 21, 22, 23, 
24, 28, 30, 31, 43, 44, 46, 47, 49, 50.) 

' Physiological action on the animal other than blood coagulation. 
Intravenous injection of small doses of the colloids, say 5 to 10c.c. of a 
1:5°/, solution, often causes temporary respiratory stoppage, which if 
the dose be not too large, passes off after an interval varying from a 
few seconds to one or two minutes. Death is apparently always due to 
failure of the respiratory centre, and occurs typically after the section 
of both vagi (Exp. 11). In this connection we may remark that 
the fatal action of nucleo-proteids is probably due to their action on 
the respiratory centre. 

Concomitant with the respiratory failure is marked dilatation of the 
pupils and exophthalmos. That these last two phenomena are not 
a specific action of the colloids is shown by the fact that intravascular 
injection of substances which cause precipitation of the proteids of the 
plasma like the “colloide ferrique” cause both marked exophthalmos 
and dilatation of the pupils. It is however noteworthy that injection 
of large doses of the colloid into albino rabbits produces these three 
symptoms while the blood still remains fluid (Exps. 8, 15). 

The colloids are apparently not so toxic to the heart as to the 
respiratory centre, the rhythmic action of the former continuing after 
the failure of the latter. Another characteristic of the action of the 
colloids is the pronounced stretching movements of the fore and hind- 
limbs which occur immediately before the death of the animal. The 
movements are very similar to those observed in death due to the 
intravascular injection of nucleo-proteids. | 

In dogs the injections of larger doses sometimes provokes hyperncea 
or dyspnoea which accompanies the stretching movements (Exps. 54, 59). 

The action of the colloids alone on rabbits. Solutions varying in 
strength from 1 to 2°/, were employed. The action on the animal 
varies in degree but not qualitatively. When the solution was freshly 
prepared and the animal not an albino, intravascular coagulation was 
always obtained. 

In those cases where large doses did not produce the usual 
respiratory failure the animal was killed by asphyxia and post-mortem 
examination revealed clots in one or other of the larger veins or in the 
cavities of the heart. | 

In a typical experiment the cavities of the heart, subclavian, portal, 


1 The preparations of these colloids were in some cases obtained from Prof. Grimaux; 
most of the colloid A used in this paper was however prepared by one of us (P). 
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inferior vena cava and pulmonary artery contain extensive clots, while 
the blood in the aorta and pulmonary veins is often clotted. | 

Reference to the protocols in the Appendix will show that there is 
considerable variation in the amount that is toxic to different animals. 
In a like manner to the coagulation produced by nucleo-proteid the 
clotting occurs more readily in the veins than in the arteries, and the 
blood in the portal and inferior vena cava seems the most susceptible 
to its action (Exps. 1, 2, 9, 11, 12, 19, 23, 24, 35, 36). 

The colloids that have been kept in solution behave differently. 
After a few days in solution their physiological activity decreases, till 
after a period varying from ten to twenty-one days they become 
inactive. Thus in one experiment where the colloids were kept in 
solution for fifteen days, 172 c.c. of a 1°5°/, solution was required 
before the typical result was obtained (Exp. 5), while the wholly 
inactive condition is exemplified by Experiments 28, 29, 30, 31, and 32. 
In these cases the production of asphyxia will not induce the coagula-— 
tion. The colloids after remaining in solution become slightly acid, 
possibly due to the absorption of carbon dioxide from the atmosphere. 
Neutralization before injection will not however restore their activity. 
It is well known that nucleo-proteids similarly lose their activity when 
kept in solution. The inactive colloid does not induce a “ negative 
phase” in the animal in which it fails to produce clotting, since the 
blood coagulates very rapidly on withdrawal. 

_ Action on albinos. In a manner strikingly similar to nucleo- 
proteids the colloids even in very large doses fail to induce intra- 
vascular clotting in albino rabbits. Respiratory failure, exophthalmos, 
dilatation of the pupils result, but the intravascular blood remains 
fluid. The coagulability of samples of blood after they have been 
withdrawn from the carotid is accelerated by previous injection of the 
colloids. Thus in an albino whose normal carotid blood coagulated in 
six minutes after withdrawal; after the injection of 20c.c. of a 1°5°/, 
solution of the colloid A coagulated in two minutes after withdrawal. 

An animal that is nearly all white does not react as rapidly to 
the injection of the colloids as a dark or black animal (Exps. 8, 
15, 21, 22, 56). 

The “regenerated” colloid. If the colloids be thrown into boiling 
water they become partially insoluble. The insoluble portion resembles 
in appearance the white friable powder formed by the interaction of 
phosphorous pentachloride on meta-amidobenzoic acid. If this sub- 
stance is dissolved in ammonia and evaporated down in vacuo and the 
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product redissolved in water, and subsequently intravenously injected 
into a rabbit, intravascular coagulation results (Exp. 14). This shows 
that the ammonia plays an important part in the synthesis of the 
colloids, which may possibly contain a hydroxyl group. The “regene- 
rated” colloid gives the same chemical reactions as the original colloid 
from which it has been derived. 

Action of the colloids on dogs. Large dosés of the colloids, that is 
more than 10c.c. of a 1°/, solution, act in a manner similar to that 
described as characteristic of the rabbit. The coagulation produced 
is very marked, clots being found in the heart, in all the larger veins, 
and in the aorta, while the portal system is characterised by enormous 
clots. The dyspnea, exophthalmos, dilatation of the pupils and 
stretching movements are even more marked than in the rabbit (Exps. 
41, 51, 52, 54, 59). 

Negative phase. Working with snake venom as far back as 1854 
Brainard? found that some time elapsed between the biting and death 
of the animal bitten, while the intravascular blood of the poisoned 
animal remained fluid. A similar “ negative phase” was discovered by 
Wooldridge to be characteristic of the intravascular blood after injection 
of minute doses of tissue fibrinogens (nucleo-proteids). It therefore 
became of interest to'determine whether a negative phase could be 
obtained by the injection of small doses of the colloids. Reference to 
the protocol of Exp. 60 will show that with a dog weighing 30 lbs. 
a dose of (000083 gram per kilo weight, that is after the injection of 
1 cc. of *5°/, solution of the colloid A, there was a retardation of 
2 minutes 30 seconds in the time of commencement of coagulation of 
the carotid blood. After a second dose of 000083 gram per kilo 
weight (the actual dose being ‘005 gram), an interval uf seven minutes 
having elapsed, there was a retardation of four minutes in the time of 
commencement of coagulation of the carotid blood. Three other 
samples taken during the ensuing sixteen minutes showed a retardation 
of three, five and four minutes respectively. Immediately following 
the injection of another c.c. (005 gram) into the animal the blood 
withdrawn from the carotid coagulated in the normal time of four 
minutes, but three minutes subsequently there was a retardation of 
three minutes in the time of coagulation of the withdrawn blood. 
Even after 18 c.c. had been injected (‘09 gram) there was still a 
retardation in the coagulation of the carotid blood of one minute and a 


1 Brainard. Smithsonian Reports, 1854. See also Martin, this Journal, xv. 380. 
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half. An increase of the dose however gave typical intravascular 
clotting. 

Experiment 54 shows a similar result. Thus small doses of 
the colloids retard the coagulability of dogs’ blood, while 
larger doses hasten the phenomenon. 

The retardation is certainly not so marked as that described as 
characteristic of the negative phase in experiments with snake venom 
and nucleo-proteid, yet the parallel is a very striking one. 

The theoretical explanation advanced by Wright! and Pekel- 
haring® to explain the negative phase produced by small doses of 
nucleo-albumin was that the retardation of coagulation was due to the 
splitting off of a proteose moiety from the nucleo-proteid molecule. 
The colloid A, which gives this retardation of coagulability in small 
doses, will not peptonise when treated with pepsin and ‘2°/, HCl for 
many days at 38°C. There can therefore be no splitting off of a 
peptone moiety in this instance. 

Effect of colloid on other animals. We have injected 1°/, solutions 
of the colloid A into the jugular vein of the guinea-pig, rat and cat, and 
in each case death ensued, apparently owing to the failure of the 
respiratory centre with the typical symptoms as previously described. 
Post-mortem examination revealed clots in the larger veins (Exps. 53, 
55 and 56). | 

Effect of the colloid that had been precipitated by acetic acid. The 
method adopted by Wooldridge of separating tissue fibrinogens 
(nucleo-proteids) from tissue extracts was precipitation by weak acetic 
acid, and redissolving in sodium carbonate. Since this method yields 
a substance active in the production of intravascular clotting, it 
became desirable to ascertain if precipitation by acetic acid modified 
the physiological action of the colloids. Experiments 58 and 59 show 
that precipitation by acetic acid and redissolving the precipitate in 
sodium carbonate does not destroy the action of the colloids on rabbits. 

_ Action of the colloids on blood corpuscles and on mesentery. If a 
solution of normal saline containing a 0°1°/, solution of snake venom be 
mixed with frog’s blood disintegration of the red corpuscles occurs 
within a quarter of an hour. The white corpuscles, though more 
resistant, become first intensely granular, with very prominent nuclei, 
and finally disintegrate (Martin). The same writer also records 


1 Wright. Proc. Roy. Irish Acad. 8rd series, No. 11, 1892, 117. 


* Pekelharing. Verhand. d. Konink. Akad. Wetenschappen te Amsterdam, Tw. Se, 
Deel 1, No. 3, § Martin. Op. cit. 
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stoppage of ameeboid movements of the white corpuscles of rabbits, dogs 
and man, as resulting from the admixture with 0°1°/, of the venom. 
It is therefore probably not due to leucolysis and liberation of nucleo- 
proteid that the viper’s venom produces intravascular clotting. 
Martin has however found that the venom causes extensive disintegra- 
tion of the endothelial lining of the vascular wall, and has advanced 
tentatively the hypothesis that the intravascular clotting was due to a 
nucleo-proteid liberated from the disintegrated cells. 

Consequently we have tried the action of the colloids first on the 
corpuscles themselves, and subsequently on the endothelial cells of the 

Experiment 42, when frog’s blood was mixed with an equal volume 
of a 1°5°/, solution of the colloid A, showed after five minutes’ action no 
change in the white corpuscles, while the red corpuscles appeared 
rounder. After 20 minutes’ action no further change was observed in 
the red corpuscles, but the white corpuscles appeared more granular 
than in the normal condition. It was only after one hour’s action that 
disintegration of the white corpuscles had partially taken place (see 
also Exps. 43 and 44). With human blood on a warm stage the red 
corpuscles only appeared slightly rounder, while disintegration of the 
white corpuscles did not commence until 30 minutes had elapsed. 
Similar results were obtained with rabbit’s blood (Exps. 56, 57, 58, 59, 60). 

Experiment 40 shows that if a rabbit's mesentery is bathed in a 
1°5°/, solution of the colloid B (precautions having been taken to avoid 
cooling) neither stasis nor disintegration of the endothelial lining of the 
vascular wall results. 

Injection into the dorsal lymph sac and at the same time bathing 
the web of a frog’s foot in a 1°5°/, solution of the colloid also failed to 
induce disintegration of the vascular wall (Exp. 38). The action of the 
colloid is therefore not due to disintegration of the endothelial lining of 
the vascular wall. As regards the destruction of the corpuscles, that 
_ takes place too slowly to account for the action of the colloids, which 
will induce clotting in from one to two minutes, while disintegration 
does not commence till after ten or fifteen minutes. These points will 
be returned to in the discussion on the significance of our observations. 

Injection of soap. It has been shown by Munk? that intravascular 
injection of soaps hinders coagulation, and in extreme cases is fatal. 
Experiment, 17 confirms his statement. 

Injection of soap + colloid. If however colloid is injected before 
1 Munk. Archiv fiir Anat. u. Physiol. Physiol. Abth. Supp. Bd, 1890, 116. 
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the fatal effect of the soap ensues, the retardation of coagulability 
caused by the soap can be antagonised by the action of the colloid. 
A further injection of the colloid causes death with the typical 
symptoms and results (Exp. 16). 

Injection of colloid + “peptone.” The inhibitory action over the 
processes of coagulation that follows the intravascular injection of 
peptone being well known, it became of interest to observe the influence — 
of the colloids on animals into whose circulation “ peptone” had been 
previously injected. The antagonistic action of the two substances is 
well illustrated by Experiments 7 and 25. The retardation of coagula- 
bility produced by the “peptone” is first reduced, finally annulled, 
and then the colloid asserts its typical action. 

Pekelharing* advanced the hypothesis that the inhibitory action 
of “ peptone” is due to its affinity for the calcium salts of the plasma. 
Our experiments hardly support this view ; at least they show that the 
action of “peptone” is annulled by other substances like the colloid A, 
which contains no calcium at all, and it is difficult. to assume that the 
colloid injected causes the peptone to give up the calcium salt it had 
taken up. 

Potassium oxalate + colloid. The similar antagonistic action of 
these substances is illustrated by Experiment 10, from which it is 
evident that the action which potassium oxalate possesses of delaying 
the coagulation is antagonised by the subsequent injection of colloid ; 
and further it is noteworthy that a not much larger dose of colloid was 
required to induce intravascular clotting than is effective under 
ordinary circumstances. 7 

Glycerine + colloid. It has been pointed out by Grimaux* that 
glycerine exerted a retarding influence on the heat-coagulation of the 
colloids, this influence is however not extended to the heat-coagulation 
of proteids (Pickering)*. The injection of 20 c.c. of a 5°/, solution of 
glycerine instead of retarding the coagulability of the blood, accelerated 
that withdrawn from the carotid by one minute. A subsequent 
injection of 50c.c. of 1°5°/, solution of the colloid A produced typical 
death and intravascular coagulation (Exp. 6). 

Calcium chloride. The injection of 30c.c. of a 1°/, solution of this 
substance, although fatal did not induce intravascular clotting (Exp. 3). 
Calcium chloride + colloid. Large quantities of calcium chloride 
precipitate solutions of the colloid, and consequently the clotting which 


1 Op. cit. 2 Op. cit. 
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results from their injection is probably due to the formation of a 
precipitate in the vessels. 

In the case of the injection of smaller quantities the precipitation 
does not occur, and the injection of the calcium chloride does not 
determine the coagulation when the amount of the colloid is too small 
to effect it alone. 

Calcium chloride + colloid + CO,. In this case where neither the 
colloid nor a small addition of CaCl, will induce the coagulation, the 
carbonic dioxide in the vessels which accumulates during asphyxia 
almost immediately induces extensive intravascular clotting (Exps. 4, 13). 

— Colloid + CO, If the amount of colloid be too small to produce 
intravascular clotting the production of asphyxia will often determine 
the coagulation. The clotting under these circumstances is apparently 
not so marked as that produced by a larger dose of the colloid (Exp. 12). 

Other substances. Grimaux has shown that certain colloid al- 
hydrates of iron coagulate spontaneously when diluted with an equal 
volume of water. We have injected his “colloide ferrique” into a rabbit 
(Exp. 18) and intravascular clotting resulted. The clot was however 
very brittle, and not long and coherent like the clots given by colloids 
and by nucleo-albumin. Since the “colloide ferrique” is a precipitant 
of the proteids of the plasma it is probable that the intravascular 
coagulation is due to this cause and is of no significance. The clot 
moreover has a brownish tint similar to that produced by an iron salt. 

We have also endeavoured to ascertain whether the injection of 
certain proteid decomposition products and other substances synthesised 
from either proteid decomposition products or from allied bodies 
would induce intravascular clotting. 

Skatole. Exps. 26 and 27 yielded with large doses of this body 
negative results, a similar result was obtained with a body formed by the 
interaction of PCI, on skatole at 125° C. (Exp. 20). 

Negative results were also obtained with the substances formed by 
the action of PCl, on a mixture of alloxan and biuret, and PCI, on 
hippuric acid (Exps. 33, 34, 39). The last two bodies were colloidal 
in nature but did not give the proteid colour reactions. Soap and 
glycerine, both colloidal substances, do not cause intravascular coagula- 
tion. This phenomenon is not therefore characteristic of the injection 
of a substance in the colloidal state. 

Significance of the experiments. The results we have described 
were most unexpected, and they certainly increase the difficulties 
already surrounding the coagulation question. The view most gene-— 
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rally held at present with regard to the causes of blood coagulation 
is that the determinant factors in the process are nucleo-proteids, 
together with salts of calcium and possibly carbon dioxide (Green, 
Pekelharing, Halliburton, Arthus and Pagés and Wright). A 
variation of this view (Lilienfeld, Léwit) is that leucolysis liberates 
the nucleo-proteid or nucleo-histon. In the case of coagulation 
produced by the intravascular injection of snake-venom it has been 
advanced (Martin) that the coagulation produced is due to liberation 


of a nucleo-proteid by destruction of the endothelial lining of the 


vascular wall. 

Following the train of thought suggested by Giese views a possible 
explanation of our experiments might be found in the hypothesis that 
the coagulation caused was due to leucolysis, the colloids breaking 
down the white corpuscles and liberating a nucleo-proteid. Direct 


experiments on the corpuscles and on the endothelial lining of the 


vascular wall do not however favour this view. The following are 
alternative hypotheses that might be advanced in explanation. (a) The 
colloids act by breaking up one or more of the chemical constituents of 
the plasma and the disintegration products are the cause of intra- 
vascular coagulation. (6) The colloids themselves act specifically, 
causing coagulation. The first of these hypotheses though not im- 
possible is we think not probable, because of the failure of the colloids 
to induce coagulation in extravascular. (salted) plasma, and we are more 
inclined to accept tentatively the second. It is now necessary to em- 
phasise the points of resemblance in the action of the colloids to those 
characteristic of nucleo-proteid. 
(1) The symptoms of death are swe same, respiratory stoppage and 
exophthalmos, and dilatation of the pupils, stretching movements, &c. 
(2) The negative phase characterises both substances. 
(3) Carbonic dioxide favours the action of both substances. 
(4) Neither substance induces intravascular clotting in albino 
rabbits. 
(5) Neither substance induces coagulation in extravascular plasma. 
(6) The influence of oxalates on the physiological action of both 
substances is similar. 
The chief differences are— 
(1) The absence of phosphorus from the colloid molecule. | 
(2) The colloid A (which ‘will give a “negative phase”) will not 


peptonise. 


This difference does not apply to the colloids B and C. 
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A study of the colour reactions of these substances made by one of 
us* tends to show that the colloid molecule contains a molecular group 
or groups which are very similar, if not identical to the molecular 
groups in proteids. Indeed in chemical behaviour these synthesised 
substances, and more especially the colloid C, satisfy the leading tests 
_ and reactions which have been deemed diagnostic of proteids. In this 
connection it is important to note that Grimaux has shown these 
substances give coagula on heating in a manner indistinguishable from 
proteids. That author considers the phenomena of heat-coagulation 
both of organic (colloids and albumin) and inorganic substances 
(colloidal hydrates of iron and silicon) to be strictly comparable to 
etherification, aud further that heat-coagulation and spontaneous 
coagulation are the same class of phenomena. 

Speaking of the continual condensations (with elimination of water) 
which characterise the passage of certain soluble hydroxides of iron 
from a colloidal to a solid state he says, “ Arrivé 4 un certain point de 
condensation le corps n’est plus soluble et la coagulation commence.” 
He attributes heat-coagulation to increase of molecular weight owing 
to the loss of water and polymerisation. 

Bearing in mind the curious chemical analogy between these 
synthesised colloids and proteids, and the similarity of conditions which 
control the phenomena of coagulation in both the inorganic and 
organic series, we are faced with the question whether the cause which 
produces intravascular clotting is not the same in nucleo-proteids and 
in the proteid-like synthesised colloids, and to carry the question 
further whether in like manner as each substance contains molecular 
groups which give the same colour reactions, so they may contain a 
similar molecular group which is the determinant factor in coagulation ? 

In support of the hypothesis that the determination of coagulation 
is not a mere result of injecting a heavy colloidal substance into the 
blood, but rather the consequence of the chemical action of a definite 
molecular group, we have the fact that the introduction of large 
quantities of other colloidal substances’ like glycerine and soap does 
not cause intravascular clotting. 

Incidentally it may here be remarked that both these substances 
are very destructive to white blood corpuscles, and if intravascular 
coagulation was the result of leucolysis we might expect extensive 
clotting to result from their intravascular — 


1 Pickering, op. cit. 
2 Vide section on the effect of introduction of skatole derivates, ete. 
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The next question that presents itself is what molecular group is 
there common to the three colloids and nucleo-albumins ? 

Since the colloids A and B are as active in the production of intra- 
vascular coagulation as the colloid C, and if the determinant factor be a 
molecular group it should be one that is common to the three sub- 
stances. The first two are intramolecular anhydrides formed by the 
union of several molecules of meta-amidobenzoic acid, the third (the 
colloid C) an intramolecular anhydride formed by the action of 
ammonia on aspartic anhydride, the common molecular group or more 
probably similar group being an intramolecular molecular anhydride of 
an amido fatty acid. Although similar in constitution they are owing 
to their difference of colour reaction =e —* probably not 


identical in nature. 


It is very probable that proteids contain (Pickering') a similar 
molecular group in association with their benzene nucleus’. We would 
therefore tentatively suggest the following as a possible explanation of 
our experiments : 

(1) The colloids A, B and C are the nearest substances at present 
known to proteids, and probably may be termed elementary proteids. 
The colloid C is the most worthy of this designation. 

(2) The coagulation induced by the intravascular injection of these 
substances is possibly due to a molecular group of similar nature. 

(3) That it is not impossible the determinant cause in the pro- 


duction of intravascular coagulation by nucleo-proteids may be a 


molecular group of a similar nature. Such a group might chemically 
be of the nature indicated in the foregoing paragraphs. 

(4) The phenomena of heat coagulation and spontaneous coagula- 
tion may possibly be one of the same series, the determinant cause only 
differing. The similar réle played by calcium salts and carbon dioxide 
in both cases tends to favour this view. 

(5) The general outline of the phenomenon of coagulation it is a 


- molecular condensation, possibly comparable to etherification, polymeri- 


sation being accompanied with loss of water. 

(6) That the negative phase is not a subsidiary phenomenon due 
to disintegration of the material intravenously injected, but is rather a 
result characteristic of the action of minute doses of the material which 
in larger doses induces intravascular clotting. 

(7) Such an “inhibitory phase” as we would call it may be similar 


1 Pickering. This Journal, xrv. 347. 
® The word is used in the sense in which it is used by Kekulé. 
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to the inhibitory action of many small doses which act contrary to the | 
action of larger doses, such as the physiological a? produced by 
small doses of alexines. 


GENERAL SUMMARY. 


The following briefly emphasises the leading points made out in this 
paper, other than the theoretical considerations summarised in the 
preceding section : 

(1) The colloids A and B, synthesised by dehydration and con- 
densation of meta-amidobenzoic acid, and the colloid C, formed by the 
action of gaseous ammonia on aspartic anhydride, when intravenously 
injected produce extensive intravascular coagulation in rabbits, dogs, 
cats, guinea-pigs, and rats. 

(2) The colloids do not apparently cause destruction of the endo- 
thelial lining of the vascular wall; neither apparently are they destruc- 
tive to the blood corpuscles. 

(3) Small doses of the colloid induce a ‘ negative phase’ in dogs. 

(4) The colloids will not induce intravascular clotting in albino 
rabbits; in all other animals examined, a large dose of the freshly 
prepared colloid has never failed to induce coagulation. 

(5) The colloids apparently kill by their action on the respiratory 
centre. Doses that are too small to be fatal induce temporary 
respiratory stoppages. Section of the vagi does not modify the result. 
The action of the heart usually continues after the respiratory failure. 
- Death is typically preceded by stretching movements, which in dogs 
are accompanied by hypernea. Exophthalmos and dilatation of the 
pupils is almost always present. 

(6) If the colloids are kept in aqueous sehutlon they lose their 
physiological activity and fail to produce intravascular clotting. 

(7) Carbonic dioxide and soluble calcium salts favour the action of 
the colloids. A dose of the colloid that is too small to produce alone 
intravascular clotting will induce intravascular coagulation during the 
first stage of asphyxia. 

(8) If the colloid is precipitated by acetic acid and redissolved in 
sodium carbonate, the fresh solution acts physiologically like the original 
solution. | 

(9) The parallel between the results produced by the intravascular 
injection of nucleo-proteid and the phenomena described in the six 


preceding paragraphs is worthy of note. 
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(10) The “regenerated colloid” formed by the action of ammonia 
upon colloid that has been changed by boiling water acts like the 
normal colloid. 

(11) The retarding influence of soap and potassium oxalate on the 
coagulation of blood withdrawn from the carotid is antagonised by 
intravascular injection of the colloid. 

(12) The intravascular injection of glycerine and of soap although 
producing leucolysis will not induce intravascular coagulation. 

(13) The introduction of glycerine into the circulation does not 
prevent the action of the colloids, 

(14) Various synthesised substances other than those named were 
injected, and although from their chemical nature they were allied to 
proteids they failed to cause any intravascular coagulation. 

(15) In connection with the intravascular coagulation resulting 
from the injection of the colloids A, B, C, it should be noted that each 
of these substances behaves chemically in a manner strikingly similar 
to proteids and that the colloid C is so close to these substances as to 
give nearly all the reactions hitherto deemed diagnostic of them. 


July 9, 1895. 


APPENDIX. 


The following are protocols of experiments, all of which were performed — 
during anzsthesia of the animal. Except where otherwise stated ether was 

Exp. I, Black rabbit. 5c.c. of 2°/, solution of the colloid A injected 
- into jugular. Death accompanied by pronounced exophthalmos and dilatation 
of the pupil. Post-mortem showed large clots in all the cavities of the heart, 
the aorta, jugular, sup. vena cava, and inf. vena cava, 

Exp. II. Brown rabbit. Injection of 7:5c.c. colloid B into jugular with 
same symptoms as above, clots in all cavities of heart, aorta, portal, jugular, 
vena cava and subclavian. 

Exp. ITI. Black rabbit. Intravascular injection of 30c.c. of a 1°, 
solution of calcium chloride. Death apparently due to cardiac stoppage. No 
intravascular coagulation. . 

Exp. 1V. Black and white rabbit. Injection of 30 e.c. of 1°/, solution of 
colloid B. Condition of animal apparently unchanged; 30 c.c. of 1 °/, solution 
of OaCl, then injected, animal showed no change, and was after a lapse of 
10 minutes killed by asphyxia. Post-mortem showed well-marked clots in all 
the cavities of the heart, jugular, subclavian, vena cava inferior, portal and 
small skin veins. The exophthalmos was slight. 
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_ Exp. V. Brown and white rabbit. The 1:5°/, solution of the colloid A 
that was used had been kept in solution fifteen days; 172¢.c. were injected 
before death resulted, which was apparently due to respiratory stoppage. 
Post-mortem showed well-marked clots in right heart and pulmonary artery, 
portal, inferior vena cava, subclavian, and in the small gastric veins ; the left 
side of the heart and aorta were empty. 

Exp. VI. Large black rabbit. Sample of carotid blood coagulated in 2°5 
minutes; 20 c.c. of a 5°/, solution-of glycerine injected, sample of carotid blood 
coagulated in 1:5 minutes; 50 c.c. of 1:5°/, solution of colloid A injected. 
Complete clots formed throughout heart, aorta, subclavian and portal vein 
and in the inferior vena cava. 

Exp. VII. Black rabbit. Sample of carotid blood coagulated in 2 
minutes. After 10c.c. of a 2°/, solution of “ peptone” had been injected the 
carotid blood coagulated in 3} minutes. Injection of 20 «.c. of 1:5°/, solution 
of colloid A killed the animal. There was a small clot in the left ventricle, a 
pronounced clot in the aorta and inferior vena cava, but the remainder of the 
blood was fluid. 

Exp. VIII. Albino rabbit. 38c.c of 1°5°/, of colloid A injected. 
_ Animal died apparently due to respiratory stoppage. There were no clots in 
blood vessels, 

Exp. IX. Black rabbit. Injection of 30c.c. of 1 °/, solution of colloid 
C fatal. Well-marked clots throughout heart, and in jugular, portal and 
superior vena cava. There was only a small clot in the inferior vena cava 
and the blood was fluid in the aorta and in the pulmonary veins. 

Exp. X. Brown and white rabbit. Sample of carotid blood coagulated 
in 7 minutes; 2¢.c. of a 6°/, solution of potassium oxalate injected; second 
carotid sample coagulated after 18 minutes. 3c.c. more of potassium oxalate 
were then injected. Third carotid sample coagulated after 21 minutes. 
10 c.c. of 1°5°/, of colloid A was then injected. Carotid blood coagulated 
after three minutes. After a second injection of 10 c.c. of 1:5 °/, solution of 
colloid A the carotid blood clotted in 14 minutes. 10 more c.c. of colloid A 
were then injected. Symptoms similar to dyspnoea ensued followed by death. 
Post-mortem showed clots in left heart, in aorta, subclavian, portal veins and 
inferior vena cava. The right heart was empty. 

Exp. XI. Both vagi cut in a black rabbit. 38c.c. of 1°/, solution of 
colloid B injected. Death (with extreme exophthalmos and dilatation of pupil) 
due to respiratory stoppage. A small clot in the right auricle, left heart 
empty, right ventricle full of fluid blood. The aorta, inferior vena cava me- | 
senteric, portal, pulmonary, and subclavian veins contained well-marked clots. 

Exe. XII. Brown rabbit. 25..c. of 1:5°/, solution of colloid B injected. 
Animal killed by asphyxia. A clot found in portal and inferior vena cava. 
Remainder of blood fluid. 
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Exp. XIII. Brown rabbit. 40 c.c. of 1 °/, solution of colloid A injected. 
No change in animal observed. 100cc. of 1°/, solution of CaCl, then 
injected, followed by 5 .c. of colloid A. The animal was killed by ligature 
of the trachea, and died in the first stage of asphyxia. Well-marked clots 
were found in left heart, aorta, jugular, subclavian, vena cava, portal and 
pulmonary veins. The heart continued beating after death and there was no 
exophthalmos. | 


Exp. XIV. Very large black rabbit. 120c.c. of :75°/, of “ regenerated 
colloid” injected. Animal killed by asphyxia. Well-marked clots in left 
heart, the subclavians and inferior vena cava. The portal vein and aorta 
were empty. 

Exp. XV. Albino rabbit, weight 2 lbs. Sample of carotid blood coagu- 
lated in 6 minutes 10c.c. of 1:5 °/, solution of colloid A injected.. Sample of 
carotid blood coagulated in 5 minutes. 10c.c. more of colloid A injected. | 
Carotid blood clotted in 2 minutes. 10c.c. of colloid injected. Carotid 
blood clotted in 2 minutes, After 20c.c. more of the colloid the carotid 
blood still clotted in 2 minutes, Injection of 12 c.c. more of the colloid 
caused death, apparently due to respiratory failure with pronounced ex- 
ophthalmos and dilatation of the pupils as symptoms. Blood throughout the 
vessels fluid. | 

Exp. XVI. Brown rabbit. 8c.c. of 1°25°/, solution of soap injected. 
Before injection carotid blood coagulated in 4 minutes, after 5c.c. of the soap 
solution in 64 minutes 8 c.c. more of the soap was injected, followed by 20 c.c. 
of 1°/, colloid A. Death due to respiratory stoppage. Pronounced clots in 
inferior vena cava. A small clot in the left ventricle and in the ee 
veins, Remainder of blood fluid. 


Exp. XVII. 20c.c. of 1:25°/, solution of soap injected into brown 
rabbit. Death apparently due to respiratory stoppage. All blood remained 
fluid. 

Exp. XVIII. Black rabbit. 10c.c. of 1:5°/, solution of the “‘colloide 
ferrique” (of Grimaux) injected. Complete clotting throughout heart, aorta 
and larger veins. Pronounced exophthalmos and dilatation of the pupils. 
The clots were very brittle. 

Exp. XIX. Black rabbit. 250.c. of 1°/, solution of colloid C iadeated. 
Death with pronounced exophthalmos and dilatation of pupil. Clots in left 
heart, inferior vena cava, portal, subclavian, jugular and pulmonary veins, 
aorta empty. 

Exp, XX. Brown rabbit. 27 c.c. of substance found by action of POI, 
on skatole (all H,PO, and HC! being removed by washing). Death apparently 


due to respiratory stoppage. No clots in blood vessels, but blood rapidly 
clotted after withdrawal. 
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Exp, XXI. Albino rabbit. 125c.c. of 15°/, solution of colloid C 
injected. Animal showed no change. Killed by ligature of trachea. No 
intravascular clotting, blood clotted rapidly after withdrawal. 

Exp. XXII. Albino rabbit. 140 c.c. of 1°5°/, solution colloid B injected. 
Animal killed by asphyxia. No intravascular clotting. 

Exp. XXIII. Brown rabbit (small). 28¢.c. of 1:5°/, solution of colloid 
C injected. Death with pronounced exophthalmos, and clots in all larger 
veins and in cavities of heart. (Control Exp. for Exp. XXI.) 

Exp, XXIV. Brown rabbit. 30c.c. of 1°5°/, of colloid B. Death with 
pronounced exophthalmos, Clots in left heart; vena cava inferior, jugular, 
subclavian and portal veins. (Control Exp. for Exp. XXII.) 

Exp. XXV. Black rabbit. Sample of carotid blood coagulated two 
minutes after withdrawal. After 5c.c. of a 3°/, solution of Witte’s 
‘“‘peptone” had been injected the carotid blood coagulated 4 min. after 
withdrawal. After 20c.c. clotted 10 minutes after withdrawal. 10c.c. of a 
_ 1°, solution of colloid A were then injected, the carotid blood on withdrawal 
clotted after 5 minutes. 10 more c.c. of the colloid were then injected and 
the carotid blood coagulated 2 minutes after withdrawal. 5c.c. more of the 
colloid were fatal—and post-mortem showed clots in left ventricle, jugular, 
vena cava inf., and portal veins. The remainder of the blood was fluid but 
coagulated rapidly after withdrawal. There was pronounced exophthalmos. 

Exp. XXVI. Brown rabbit. 150c.c. of 1°/, solution of skatole injected. 
Animal killed by asphyxia, no intravascular clotting. 

Exp. XXVII. Repeat with same result, 

Exp. XXVIII. Brown rabbit. Solution of colloid B that had been kept 
15 days used. 120c.c. injected. Animal killed by asphyxia, no intravascular 
clotting. 

Exp. XXIX. Black rabbit. Repeat experiment with colloid A. Same 
result, 

Exp. XXX. Black rabbit (small). Neutralized solution that had stood 
16 days of colloid B. 130c.c. injected. Animal killed by asphyxia, no intra- 
vascular clotting. 

Exp. XXXI. Black rabbit. Similar result with colloid C that had 
stood in solution 18 days. 150c.c. injected. 

Exp. XXXII. Black rabbit. 120c.c. of colloid A that had stood in 
solution 16 days injected. No coagulation; neutralised solution gave similar 
result. 

Exp. XX XIII. Black rabbit. Alloxan, skatole and biuret heated together 
with PCl,; product or products dissolved in ammonia, which was evaporated 
off and resulting substance dried in vacuo. Animal died after injection of 
35 c.c., but there was no intravascular clotting. 

Exp. XXXIV. Repeat above with similar result. 


PH. XVIII. 21 
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Exp. XXXV. Black rabbit (small). 65c.c. of colloid A (1°/, solution) 
injected. Clots in left ventricle, aorta and portal vein. Remainder of blood 
fluid, but rapidly coagulated on withdrawal. 

Exp. XXXVI. Small brown rabbit. 16.¢.c. of same solution as used in 
previous experiment fatal. Clots in left ventricle, portal and inf. vena cava. 
Aorta and remaining veins contained fluid blood, which coagulated rapidly on 
withdrawal. 


Exp. XXXVII. Frog (anesthetic ether). Exposed mesentery bathed in 
1-5°/, solution of colloid B. Slight stasis in larger veins and in capillaries, 
no disintegration of endothelial wall observed. 

Exp. XXXVIII. Frog (anesthetic ether). Injection of 1:5°/, solution 
in both dorsal lymph sacs, Web of foot showed neither stasis nor disinte- 
gration although also bathed in the colloid. 


Exp. XXXIX. Brown rabbit. Substance formed by action of PCI, on 
hippuric acid (the product dissolved in ammonia, evaporated down im vacuo — 
and redissolved in distilled water). 30c.c. injected and fatal, pronounced 
exophthalmos, but no intravascular clotting. 

Exp. XL. Brown rabbit. Mesentery exposed and bathed in 1:5°/, 
solution of colloid B, neither stasis nor disintegration observed. 

Exp. XLI. Brown and white dog. Weight 3 kilos. 30c.c. of 1:5°/, of 
colloid A injected. Death apparently due to respiratory failure, pronounced 
exophthalmos and dilatation of pupils. Clot in portal and inferior vena cava. 
Remainder of blood fluid, but coagulated rapidly on withdrawal. 

Exp. XLII. Frog’s blood placed on slide mixed with equal volume of 
1:5°/, solution of colloid A. After five minutes red blood corpuscles became 
rounder and their nuclei more distinct. The white corpuscles apparently. 
were unchanged. After 20 minutes no further change was observed in red 
corpuscles, but white corpuscles appeared more granular. After 30 minutes 
no further change, but after an hour had elapsed the white corpuscles had 
partially disintegrated. 

Exp. XLIIT. Similar experiment with frog’s blood and colloid B, same 
result. 

Exp. XLIV. Same result with frog’s blood and colloid C. 

Exp. XLV. Human blood mixed with equal volume of colloid A. After 
five minutes’ action the red corpuscles appear slightly swollen and the white 
corpuscles more granular than the normal. After 20 minutes no further 
change was observed, but disintegration of -the white corpuscles commenced 
after 30 minutes and was complete in 40 minutes. The blood was throughout 
the experiment kept at about 37° C. 

Exp. XLVI. Similar result with human blood and colloid B. 
Exp. XLVII. Similar result with human blood and colloid C. 
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Exps. XLVITII., XLIX. and L. gave similar results with rabbit’s blood 
and the colloids A, Band C. The disintegration of the white corpuscles com- 
mencing in from 15 to 20 minutes after mixture with equal volumes of a 
1:5 °/, solution and being complete in from 30 to 40 minutes. 

Exp, LI. Fox terrier (weight 14}1bs.). Carotid blood before injection 
coagulated in four minutes. 10 c.c. of a 1°/, solution of colloid A was injected, 
after which carotid blood coagulated in four minutes. There was temporary 
cessation of breathing. 10°5c.c. more of colloid injected and carotid blood 
coagulated nine minutes after withdrawal. After two minutes animal died, 
apparently owing to respiratory failure. Post-mortem showed clot in right 
subclavian, very large and firm clots in right heart, in portal, inferior vena 
cava and pulmonary veins, Remainder of blood fluid, but coagulated rapidly 
after shedding. Anmsthetic mixture of ether and chloroform. 


Exp, LIT. Small mongrel (weight 8 kilos). Carotid blood before injection 
coagulated in 3 minutes. After injection of 10c.c. of *75°/, colloid A in 3 
minutes, Temporary cessation of breathing after injection. After 20c.c. 
more carotid blood coagulated in four minutes. Killed by asphyxia. Clot in 
portal and small clot in inferior vena cava. Remainder of blood fluid, but 
coagulated in 3 to 4 minutes. Anzsthetic ether. 


Exp. LIII. Large brown rat. 20c.c. of 1°/, colloid A injected. Respi- 
ratory failure and death. Clots in both ventricles, in inferior vena cava and 
portal. Remainder of blood fluid, but coagulated rapidly on withdrawal. 


Exp. LIV. Large pug dog, weight 18lbs. 80z. -5°/, solution of colloid A 
used. Samples of blood drawn from carotid. 


No. of Time of commen- Time of 
sample of | “time of taking cing of sample completion of san apg ba = 
1 none min, 54 min. Normal. 
2 5 9 » 
5 25 it Pronounced dyspnea. 
6 35 Temporary stoppage of 
; ration, resumption after in- 
terval of 30 sec. 
7 35 14 ,, Respiration irregular. 
8 45 of breathing for 30 
9 45 Intermittent respirations, 
struggles and stretching 
movements. Breathing 
stopped and resumed after 
2 min. 


After a few minutes the animal died. A sample of blood withdrawn by a 
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hypodermic syringe from the right ventricle completely clotted in 1 min. 
30 sec. and another from the left ventricle in 30 sec. P.m. showed a pro- 
nounced clot in right auricle and along the length of the aorta. The 
remainder of the blood was fluid but coagulated rapidly on withdrawal. 


Exp. LV. Guinea-pig. 11lc.c. of a 1°/, solution of colloid A injected. 
Death due to sudden stoppage of respiration. P.m. showed clots in inferior 
vena cava, and pulmonary veins and a very large clot in the portal vein. 


Exp. LVI. White rabbit (with small black patches on back). 20c.c. of 
colloid A fatal, with extreme dilatation of pupil and exophthalmos, Small 


clot in aorta, and inferior vena cava, Remainder of fluid clotted rapidly on 
withdrawal. 


Exp. LVII. Cat. 15c.c. of a 1°/, colloid A injected. Sudden re- 
spiratory stoppage, exophthalmos and dilatation of pupils. P.m. clot in 


aorta and vena azygos. Remainder of blood fluid but clotted rapidly on 
withdrawal, 


Exp. LVIII. Black rabbit (61bs. 50z.). 50cc. of 1°/, solution of 
colloid A there had been precipitated by excess of acetic acid and redis- 


solved in 4°/, sod. carbonate. Typical symptoms. Clots in portal, left heart, 
inferior vena cava. 


Exp. LIX. Black rabbit (8lbs. 90z.). 53c.c. 1°/, solution of above 


injected. Typical results. Clots in portal, left auricle and ventricle, inferior 
vena cava. 


Exp. LX. Large black dog (weight 30 lbs.). Ansesthetics used were ether, 
chloroform and morphia. Samples of blood taken from carotid. A 5°/, 
solution of colloid A injected. 


At 4.44 after 8c.c. had been injected there was temporary stoppage of 
respiration, at 4°51 after 38c.c. had been injected there was a prolonged 
respiratory stoppage accompanied by exophthalmos, stretching movements and 
spasms. At 4°57 hypernoa ensued, while the exophthalmos and stretching 
movements became more pronounced, At 5 o’clock 10 more ¢,c. were injected, 
which resulted in extreme stretching movements and prolonged respiratory 
stoppage. A temporary resumption of breathing occurred, followed by final 
respiratory stoppage. Post-mortem showed a large clot in right auricle, small 
clot in right ventricle, blood in left heart very viscid but fluid. Very large 
clot in the inferior vena cava und aorta, and smaller clots in the pulmonary 


veins and arteries. ‘The remaining fluid blood clotted rapidly after with- 
drawal, 
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; Dose Time occupied in Time of completion 

Time. administered to clot. of 
2.51 none 4 min. in. 
2.54 1 c.c. given 
2.56 oe 6 min. 30 sec. 9 min. 
2.59 — 6 min. ae 
3 1 c.c. given — — 
3.2 8 min. 10 min. 
3.5 7 8 5, 
3.9 
3.18.30 — 10° 
3.27 c.c. given — 
3.30 —_—_ 4 min. 5 min. 
3.32 
3.40 — Bes 8 min. 30 sec 
3.50 6 min. 
3.50.30 lc.c. given 
3.53.0 — 6 min. 7 min 
4 — os 7 min. 30 sec 
4.4 — 5 min. 30 sec. 7 min. 
4.10 2 ¢.c. given — — 
4.13 — 5 min. 30 sec. 7 min 
4.21.30 2 cc. given — 
4.25.30 — 5 min. 5 min. 30 sec 
4.31.30 5 min. 30 sec. 
4.35.0 5 given — 
4.36 — 5 min. 5 min. 30 sec 
4.40 5 given — — 
4.41.30 san 5 min. 30 sec. 6 min. 30 sec 
4.48 10 cc. given 
4.51 10 cc. given — 
4.53 a 4 min. 30 sec. 5 min. 30 sec. 
4.55 15 c.c. given 


[Part of the expenses involved in this research has been defrayed by a 
grant from the Government Grant Committee of the Royal Society. | 
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NUCLEO-PROTEIDS. Supplementary Paper. By W. D. 


HALLIBURTON, MD. F-RS., Professor of Physiology, 
King’s College, London. 


4 


In a paper recently published in this Journal! by T. Gregor Brodie 
and myself, attention was called to the preparation and properties of 
nucleo-albumins*, and especially to the part played by these substances 
in the causation of blood-coagulation. A reconsideration of our experi- 
ments and conclusions having shown me that several points still required 
further elucidation, I have just concluded a fresh series of experiments. 
I have to gratefully acknowledge valuable assistance from Dr Brodie, 
and also from Mr P. C. Colls, Assistant Demonstrator of Physiology at 
King’s College. 

The subjects of which I have to treat are somewhat various, and 
may be best arranged under the following heads :— 
The preparation of nucleo-proteids. 
The nucleo-proteid of red marrow. 
The stromata of the red corpuscles. 
Cell-globulins. 
Schmidt's fibrin ferment. 
Summary. 


1. THE PREPARATION OF NUCLEO-PROTEIDS. 


The first point I wish to consider is a theoretical one. In the paper 
just referred to the following sentence occurs*’:—“ We therefore conclude 
that while repeated alternate treatment with sodium chloride and water 
(our method of obtaining the material), and repeated alternate treat- 
ment with acetic acid and sodium carbonate (Wooldridge’s method of 
obtaining the material), both destroy the physiological activity of 
nucleo-albumin, and both alter the composition of the material, the 
alteration is different in the two cases; the former method causing a 
loss of nuclein (as indicated by a fall in the percentage of phosphorus) ; 


1 Vol. xvi. 185—178. 1894. Here references to previous literature will be found. 
2 Through this paper I shall use the term nucleo-proteid instead of nucleo-albumin. 


This term originally suggested by Hammarsten (Zeitsch. f. physiol. Chem. x1x. p. 37) 


has already been adopted by Pekelharing (Centr. f. Physiol. 1x. 102). 
3 p. 155. 
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the latter causing a loss of proteid, and consequently a rise in the 
proportion of nuclein (as indicated by a rise in the percentage of 
phosphorus).” 

| This result somewhat surprised us, for if the action of sodium 
chloride and water is to displace nuclein, we expected that the same | 
action would be produced by acid even more readily, since the essential 
constituent of nuclein is a weak organic acid called nucleic acid. It 
has, however, since occurred to us that the action of acetic acid is 
probably after all the same as that produced by repetition of the 
sodium chloride method, and that the rise in the percentage of phos- 
phorus does not really indicate that the chemical decomposition is 
different. We are now inclined to regard it as extremely probable that 
the chemical decomposition is in the two cases identical, namely, a 
cleavage more or less complete, of the nucleo-proteid into its two 
constituents nuclein (nucleic acid) and proteid. As the sodium chloride 
process is repeated, more and more of the nuclein passes into solution 
and so is lost, whereas the proteid, the solubilities of which resemble 
those of a globulin, is repeatedly being subjected to a process which 
tends to keep it precipitated. No doubt some of the proteid is lost as 
well, but the results of analysis indicate that a greater relative propor- 
tion of the nuclein disappears. In the other case, treatment with acid 
and alkali will lead to a continual loss of the proteid by conversion into 
soluble acid- and alkali-albuminates, whereas the nuclein remains 
precipitated by each addition of acid. 


2. Tue NUCLEO-PROTEID oF RED MARRow. 


The proteids of red marrow were investigated by J. R. Forrest? in 
this laboratory. The most important of these was found to be a 
nucleo-proteid, Forrest’s research was incomplete, as he did not 
make any estimations of the amount of phosphorus present in the 
nucleo-proteid. This omission I have now filled up. 

The nucleo-proteid was prepared from horse’s ribs by Wooldridge’s 
method. This method was selected, because in preliminary experiments 
in which the sodium chloride process was employed it was found 
extremely difficult to prevent mechanical admixture with minute 
spicules of bone, the calcium phosphate from which was not dissolved | 
out by the subsequent washing with dilute acid. 

Twelve ribs taken from one horse gave only a scanty yield of 
nucleo-proteid ; the horse was an old one, and the marrow in the ribs 


1 This Journal, xvir. 174. 1894. 
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was largely of the yellow variety. In the case of two other horses, 
both younger and more vigorous, the material yielded from a dozen ans 
was plentiful. 

The nucleo-proteid from the three horses was mixed, and the 
product thoroughly washed, and subjected to the process for estimating 
phosphorus already described’. The two estimations made agree very 
well. The result was as follows :-— 


Percentage of phosphorus 

i 

Weight of nucleo-proteid| magnesium in ash-free | Percentage 

taken pyrophosphate | in material material of ash 

A 0°918 gramme 0-:0552 1°6793 1°7581 
0-:0560 1:4909 1°5608 

Mean of A and B 15851 1°6594 
C 4°48] 


If now we compare these results with ‘hows previously published ’* 
we get the following table :— 


Nucleo-proteid from thymus contains 0 8 °/, of phosphorus. 


” ” kidney » 0°37 ” ” 
” ” liver ” 
” ” brain » 06 ” ” 
” ” red marrow ,, 1°6 ” ” 


Here we see that the nucleo-proteid of red marrow contains the 
highest percentage of any. 


3. THe StromaTa OF RED CoRPUSCLES. 


This result led me once more to take up the question of the red 
corpuscles, which have their origin in the red marrow. Some years ago 
Dr W. M. Friend and myself published a paper on this subject *; our 
main conclusion was that the principal proteid obtainable from the 
stromata was one identical with that termed cell-globulin obtained 
from lymphoid structures; and that nucleo-proteid was absent. This 
conclusion was arrived at, during a stage in my researches in which 
one’s knowledge regarding the properties and preparation of nucleo- 
proteids was much more scanty than it is now; and on looking through 
my notes of these experiments I found evidence that the question 
would bear a fresh investigation. The main result of these new 
experiments is that the so-called cell-globulin obtained from the stro- 
mata is really a nucleo-proteid. 


1 This Journal, xvi, 152. 1894. 2 Ibid. p. 142, 
3 The Stromata of the Red Corpuscles. This Journal, x. 582-549. 1889. 
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Pekelharing was the first to discover my mistake, and I now 
propose to give an account of the experiments which I have myself 
performed on this subject. 

The animals I have used have been cats and rabbits, principally the 
former. The animal having been anesthetised with a mixture of 
chloroform and ether, the jugular vein of one side, and the carotid 
artery of the other was exposed, and a cannula inserted into each. A 
few c.c. of a solution of Witte’s peptone was then injected into the 


jugular vein, the amount varying with the size of the animal’, The _ 


object of this procedure was to cause the disappearance of leucocytes, so 
that when the blood was subsequently collected it was almost free from 
these elements*. The blood was collected from the carotid artery and © 
whipped. Clotting was found to be only slightly delayed by the 
previous injection of ‘peptone. The whipped blood was diluted with 
a large volume of normal saline solution, and the red corpuscles allowed 
to settle. The supernatant liquid was after a day or two siphoned off 
and the red corpuscles thoroughly washed with salt solution, the 
centrifugal machine being employed to hasten the process’. 

_ The mass: of red corpuscles was then dissolved in water, and a few 
drops of ether added to complete the laking. Then a few drops of 
sodium bisulphate (1°/, solution) were added and the stromata so 
precipitated were collected in a filter, and thoroughly and rapidly 
_ washed (a filter pump being used) with water. The precipitate was 
placed under alcohol for subsequent analysis; the material so obtained 
from two rabbits in one vessel, and from five.cats in another was then 
thoroughly washed with hot and cold alcohol and ether to remove 
lecithin, protagon, fat, and cholesterin, and with acidulated water to 
remove inorganic phosphates. The residue was dried at 110°C. divided 
into separate portions for analysis and weighed. 

In other cases the stromata were dissolved in 1 °/, sodium carbonate, 
and the solution filtered and injected into the circulation of living 
animals to test its physiological activity. 

Some of the material was subjected to artificial gastric digestion, 
and found to yield a residue of nuclein. Phosphorus estimation led to 
a positive result; the numbers obtained will be given immediately. 
Injection of the sodium carbonate solution produced intra-vascular 
coagulation in rabbits; details will be given immediately. 


1 The amount given was 0°2 gr. per kilo. of body weight. 

2 See Wright. Proc. Royal Society, uu. 564. 1893. Bruce, ibid. tv. 295. 1894. 

3 This was the method used in the winter. In the summer when rapidity of work was 
essential the centrifugal machine was employed throughout. 
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In other words the stromata contain nucleo-proteid similar to that 
obtained from other tissues and organs. 

The method just described for the preparation cf the stromata was 
the one formerly used by Dr Friend and myself and originally em- 
ployed by Wooldridge’. 

I considered it necessary next to see whether the result could be 
accounted for in any other way than that just stated; the nucleo- 
proteid could not have originated from the few white corpuscles 
remaining after the injection of ‘peptone’; its amount was too great. 
It could not have come from the ‘peptone’ injected; for though the 
Witte's peptone used did contain a trace of phosphorus the amount 
injected was extremely small, and the subsequent washing of the red 
corpuscles with salt solution very thorough. Moreover it could not have 


originated from the small amount of hemoglobin with which the 


stromata remained contaminated after washing, for hemoglobin in 
mammals contains no phosphorus. | 

I then tried whether nucleo-proteid can be prepared from the red 
corpuscles by the usual methods; the answer was found to be in the 
affirmative. Wooldridge’s method (precipitation of an aqueous solu- 
tion of the corpuscles by dilute acetic acid) gave a small yield. The | 
sodium chloride method was very successful, and an abundant white 
preparation of nucleo-proteid is easily obtained, provided that the 
previous centrifugalisation is so efficiently performed that the corpuscles 
form an adherent mass. If the centrifugal machine is not efficient 
enough for this, the sodium chloride process generally leads to failure, 
as it did in the previous experiments performed by Dr Friend and 
myself. Some of the nucleo-proteid prepared by this method was 
dissolved in 1°/, solution of sodium carbonate for injection experiments, 
some was subjected to artificial gastric digestion with the result that a 
residue of nuclein occurred, and the rest (from seven cats) was collected 
under alcohol, washed as before described, dried, weighed, and subjected 
to analysis. 

Injection experiments. ‘Wooldridge’ was the first to show that 
the stromata of the red corpuscles contain a substance which produces intra- 
vascular clotting. The following brief protocols of the experiments I have 
performed confirm this statement. The experiments were made on rabbits 
anesthetised with ether. If the injection did not kill the animal, it was 
killed by ligaturing the trachea. The method of the experiment was exactly 
the same as previously described by Brodie and myself’. 


1 “ Zur Chemie der Blutkérperchen.”” Du Bois Reymond’s Archiv, *' 387. 1881. 
2 Chemistry of the Blood, p. 137. 3 loc. cit. 
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Rabbit 1. 15c.c. of 1°/, sodium carbonate ‘solution of nucleo-proteid 
prepared by the sodium chloride method from cats’ red blood-corpuscles. 
This small quantity (all that was available) did not kill. On killing the R. 
by asphyxia, no intra-vascular coagulation was found, but the blood was 
extremely viscid, and clotted rapidly on removal. 

R. 2. 40¢.c of 1°/, sodium carbonate solution of stromata prepared by 
Wooldridge’s sodium bisulphate method injected. This killed the animal. 
The blood was extraordinarily viscid, and in some vessels it was difficult to 
say if it had clotted or not. The blood would hardly flow, but when it did it 
clotted instantaneously and firmly. A well-marked clot was found in the 
inferior vena cava, the most frequent situation for clotting. 

R. 3. Similar experiment to R. 1. 40c.c. fatal. Result same as in R. 1. 

R. 4. ditto. 15..c, only available. R. killed by asphyxia. Same result. 

R. 5. ditto. 30c.c. injected. Fatal. Blood viscid throughout; clot- 
ting within right jugular, and inferior vena cava above entrance of hepatic 
veins, and in the hepatic veins themselves. 

R. 6. ditto. 12¢.c. injected. R. killed by asphyxia. Blood viscid and 
adherent to vessel walls. Distinct clots in subclavian veins and in aorta. 


Results of analysis. The following table gives the results of phos- 
phorus estimation in the preparations already alluded to :— 


_ | Weightin | Yieldof | Percentage of phosphorus scallbiaas 
‘ ercen 
analysis phate in material material 
Rabbit’s stromata 
washed free from 
lecithin,etc. Pre- 
method by Wool- 
A | 0°155 0:00599 10793 11609 
B 7027 
Cat’s stromata 
ditto 
A | 0°463 0:01069 0°64482 0-65278 
B 0:2745 0:00719 0°72984 0°73885 
MeanofA &B 0°68733 069581 
1:22 
Nucleo-proteid 
prepared by NaCl 
method from 
cat’s red blood | 
A} 0°241 0°00559 0°64779 0°66803 
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I am not inclined to place much reliance on the results from the rabbits’ 
stromata ; the quantity available was only sufficient for a single analysis and 
was even then so small that minute experimental errors would tell largely in 
the final result. The close agreement of the three remaining analyses is very 
satisfactory. 


4. CELL-GLOBULINS. 


The term cell-globulin was originally introduced by me as a con- 
venient designation for certain proteids obtainable from the cells of 
lymphoid structures like lymphatic glands and thymus. In my papers 
on the subject? I recognised the existence of a nucleo-proteid which ~ 
became viscid on admixture with strong solutions of sodium chloride or 
magnesium sulphate. An extract made with sodium sulphate did not 
however exhibit the same viscidity, and contained two proteids, one of 
which coagulated at about 50°C., the other at 75°C. The first I called 
cell-globulin a; the second cell-globulin 8. Cell-globulin a is really a 
globulin*. Cell-globulin 8 is like a globulin in its solubilities, but as 
Pekelharing pointed out is a nucleo-proteid. This I admitted in the 
paper just quoted (p. 846). My words were “the proteid which I for- 
merly called cell-globulin 8 is a nucleo-albumin. Whether it is a 
different one from that already mentioned (i.e. the nucleo-proteid which 
can be prepared by Wooldridge’s acetic acid method, or my sodium 
chloride process), or part of the same in a somewhat modified form 
must be the subject of renewed research. I assume for the present 
that they are identical.” 

The necessity for renewed research on this point was pressed home 
when I had found that the cell-globulin of the stromata of red cor- 
puscles is also a nucleo-proteid. 

The cell-globulins were extracted from a calf’s thymus by a five per 
cent. solution of sodium sulphate. The extraction was twice repeated 
with large quantities of the same solution. The residue was then 
taken, and divided into two parts. From one of these parts an attempt 
was made to prepare nucleo-proteid by the sodium chloride process ; 
from the other by Wooldridge’s method. The yield in each case was 
very scanty. The converse experiment gave corresponding results ; 
after nucleo-proteid had been removed by either method, attempts to 
prepare it by another were unsuccessful or only yielded minimal 


- quantities. This was strong evidence that it is the same nucleo-proteid 


1 Proc. Roy. Soc. xutv. (1888), p. 255; this Journal, vol. mx. 229. 1888. 
2 ** Proteids of Kidney and Liver Cells”; this Journal, x11, 806. 1892. 
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with which one has to deal in the three cases, though the method of 
preparation involves certain physical differences in the product. 

I sought to confirm this by the method of phosphorus estimation. 
The extracts just referred to were slightly acidified and heated to 50° C. 
and the cell-globulin a thus precipitated was filtered off. After wash- 
‘ing the precipitate and performing the analysis in the usual way, 
phosphorus was found to be absent in all but unponderable traces. 
The filtrate was heated to 80°, a small amount more of acetic acid 
being added, and the precipitated cell-globulin 8 was collected, washed, 
dried, weighed and subjected to analysis. A second supply was mixed 


with this from another thymus. The results of the analysis were as 
follows :— | 


Percentage of phosphorus 
Weight in grammes of Yield of | 
cell-globulin 8 taken magnesium in ash-free | Percentage 

for analysis pyrophosphate | in material material of ash. 

A 0°98 0:06819 19433 2-0351 

1:238 006969 1:5721 1-6464 

Mean of A and B 1-7577 18407 
C 4°511 


Let us next compare these results with those previously published 
as the result of the analysis of the thymus nucleo-albumins'. This is 
shown in the following table :— 


Nucleo-albumin from thymus. 


Mode of preparation Percentage of phosphorus 
Sodium chloride method 0-8 
The same method, only repeated several times 0:006 to 0:38 
Acetic acid method | 0°8 
The same method, only repeated several times 1-1 to 1:32 


The present method ; the substance prepared being 
that previously termed cell-globulin 8 1:7 


From this table we conclude that the percentage of phosphorus in 
the material prepared by the two first methods is very close; compare 
analyses 1 and 3. The table also illustrates the gradual loss of phos- 
phorus, occasioned by the repetition of the sodium chloride process 
(analysis 2), and the rise occasioned by the repetition of the acetic acid 
method (analysis 4). Analysis 5 appears to be discordant for it is not 


1 Halliburton and Brodie, loc. cit. pp. 141, 153, 155. 
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identical with any of the preceding; it is however nearest to analysis 4, 
and consideration will show that this is what one would expect; the 
rise in the percentage of phosphorus in analysis 4 has already been 
explained (Section 1 of the present paper) as due to cleavage of the 
nucleo-proteid by the acid in the cold and loss of proteid by conversion 
into acid-albumin. -This would occur to even a greater extent in an 
acid liquid at 80°C., which was the very severe treatment necessary for 
the isolation of the substance in the condition in which it was pre- 
viously called cell-globulin 

The results of phosphorus estimation though at first sight disap- 
pointing really confirm in a very striking way the opinion hitherto 
expressed, that in all cases one is dealing with the same material. 


5. ScHMIDT’s FIBRIN-FERMENT. 


Cell-globulin 8 being a nucleo-proteid, it next became necessary to 
investigate the question whether the fibrin-ferment, which I formerly 
considered to be identical with cell-globulin 8, is also a nucleo-proteid. 
Pekelharing considers that it is; he looks upon nucleo-proteid as 
being the zymogen of fibrin-ferment, and the fibrin-ferment itself as 
being a calcium compound of the nucleo-proteid. Lilienfeld’, who 
has also recently taken up this matter, thinks on the other hand that 
fibrin-ferment is the product, not the cause of blood coagulation, and 
confirms my original position that it is a globulin, free from phosphorus. 

In the paper already cited by Brodie and myself, we adopted a 
cautious attitude and were unable from the evidence before us to accept 
Pekelharing’s inclusion of the fibrin-ferment among the nucleo- 
proteids. The differences between nucleo-proteids and the ferment 
appeared to be sufficiently striking to warrant the inference that they 
are different substances. We enumerated the principal differences 
between them as follows :— 

1, Fibrin-ferment is not readily coagulated by alcohol; nucleo- 
albumin is. 

2. Fibrin-ferment causes coagulation in extra-vascular (salted) 
plasma; nucleo-albumin does not. | 

3. Nucleo-albumin causes coagulation in intra-vascular plasma; 
fibrin-ferment does not. 

Such a statement, however, did not finally settle the question, but 
suggested fresh work, and a preliminary communication was made to 


1 Zeitsch. f. physiol. Chem, xx. 168. 1894. 
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the Physiological Society in the early part of this year’. Our criticism 
also has produced a fresh paper from Pekelharing* in which he con- 
firms with fresh experiments his original statements. I am glad to be 
_ able to anounce that my own experiments, and the fresh ones recorded 
by Pekelharing are in substantial agreement, and that working inde- 
pendently we have removed some of the difficulties surrounding this 
question, and that we may now safely include the fibrin-ferment among 
the nucleo-proteids. 

- Pekelharing’s recent paper, so far as it relates to my work and 
criticisms, may be briefly summarised as follows :— 

1. Fibrin-ferment yields on gastric ss, an insoluble residue 
of nuclein. 

2, The difference in the behaviour of alcohol to fibrin-ferment and 
nucleo-proteid is only a matter of degree. I am perfectly willing to 
admit that the difference is not so important as the two others just 
mentioned, and in fact reference to my previous papers will show that 
I have always insisted that the difference is not one of kind. The fact 
that Pekelharing has worked chiefly with one kind of nucleo-proteid 
(from blood) and I with the nucleo-proteids from various tissues still 
_ further explains any differences between us on this head. He also states 
that he has obtained fibrin-ferment by Schmidt’s method from nucleo- 
proteid, and thus his answer to this objection is fairly complete. 

3. Fibrin-ferment causes coagulation in extra-vascular (salted) 
plasma; nucleo-proteid does not. This is a more serious difference, and 
Pekelharing admits that dilute salted plasma does not coagulate on 
the addition of nucleo-proteid (unless calcium chloride is added as well) 
but it does coagulate on the addition of fibrin-ferment. If now the 
ferment is a calcium compound of nucleo-proteid, why does this com- 
pound not form in extra-vascular plasma when nucleo-albumin is added, 
for the amount of calcium salt present is presumably the same as in 
intra-vascular plasma? This question which | asked is answered by 
Pekelharing as follows:—That the magnesium sulphate present in 
the salted plasma prevents or hinders the union of calcium and nucleo- 
proteid, and he quotes some very striking experiments in which he 
‘shows that in a mixture of fibrinogen and nucleo-proteid, it is necessary 
to add more calcium chloride in order to bring about coagulation when 
magnesium sulphate is present as well, than when it is absent. 

4. His answer to my last objection appears equally satisfactory ; I 


1 Proc, physiol. Soc. Feb. 16, 1895. See also Schafer, ibid. March 16, 1895. 
2 Centralbl. f. Physiol. tx. 102, 1895. 


q 
; 
i 
ag 
¥ 


316 W. D. HALLIBURTON. 


ask why fibrin-ferment does not produce intra-vascular coagulation? He 
replies because the use of alcohol in the preparation of fibrin-ferment 
renders the material so insoluble that only a very weak solution is 
obtainable, and that this, like all weak solutions of nucleo-proteids, 
produces not intra-vascular clotting, but the reverse, namely, a hindering 
influence on coagulation (Wooldridge’s negative phase). I can now 
proceed to the description of my own experiments, most of which were 
completed before the appearance of Pekelharing’s paper, but some of 
which were suggested by his very interesting replies to my criticisms. 

In the first place I sought to ascertain by the usual process of gastric 
digestion whether fibrin-ferment prepared by Schmidt’s method from 
serum is a nucleo-proteid. Finding that it gave like other nucleo- 
 proteids an insoluble residue of nuclein, I proceeded to supplement this 
by estimations of phosphorus (see Experiments 1 to 5). I further 
investigated the action of nucleo-proteid on extra-vascular plasma with- 
out the addition of extraneous substances like magnesium sulphate, and 
found that the accelerating influence on the rate of coagulation was very 
marked (Exp. 7); this entirely confirms Pekelharing’s contention that 
salted plasma is not a fair test plasma. Lastly, I proceeded to repeat 
Pekelharing’s experiment in which he found that injection of fibrin- 
ferment into the circulation produces Wooldridge’s negative phase. 
This is such an important point that I did not like to accept it without 
first verifying it for myself. The single experiment I have done entirely 
confirms Pekelharing’s observation. (Exp. 6.) 

The details of the experiments are as follows :— 


EXPERIMENT 1, 10 litres of ox serum were mixed with many times their 
volume of alcohol, and allowed to stand for six weeks. The precipitate was 
collected, dried at 40°C. and powdered. A small quantity of the powder 
was extracted with water, and its activity tested on rabbit’s sodium sulphate 
plasma. The diluted plasma coagulated on addition of the ferment solution 
in four minutes ; without such addition, it did not coagulate for two hours. 

Exp. 2. The remainder of the powder was thoroughly extracted with 
distilled water. The collected aqueous extracts amounted to about 50 litres. 
This was concentrated on a water bath to a small bulk. The concentrated. 
liquid was slightly alkaline ; it coagulated on heating after faint acidification 
at about 75°C., and in another portion the proteid in it was found to be 
entirely precipitable by saturation with magnesium sulphate. This confirmed 
my earlier statement that the solubilities of the proteid present in solutions 
of fibrin-ferment are those of a globulin. 

Exp. 3. The remainder of the concentrated extract was mixed with 
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about six times its volume of alcohol, a little acid being added to assist 
precipitation. The precipitate was collected, washed free from lecithin, fat, 
protagon, cholesterin, and inorganic phosphates in the usual way, dried, 
divided into portions for analysis, and weighed. The total weight of the 
product from about 10 litres of serum was nearly 1:8 grammes. 

Exp. 4. Some of this powder subjected to artificial gastric digestion, 
gave an insoluble residue of nuclein. 

Exp. 5. results of phosphorus and ash determinations made i in the 
usual way gavé the following results :— 


Percentage of phosphorus 
Weight of material magnesium . inash-free | Percentage 
taken for analysis pyrophosphate | in material material of ash 
A 05475 002299 1°1727 12692 
0°6898 0:02819 1°1413 1°2352 
A and B 1:157 1-2522 
76. 


The ash (the high percentage of which is very noticeable) resembled in 
composition that previously described in nucleo-proteids', but differed in that 
it was very rich in calcium; this confirms Pekelharing’s contention that 
fibrin-ferment is a calcium compound of nucleo-proteid. 

Exp, 6. A solution of fibrin-ferment was prepared by the usual method 
from another quantity of ox serum; on salted plasma it was found to be 
active in promoting coagulation. 

A dog was anesthetised with ether and morphia ; the jugular vein of one 
side and the carotid artery of the other were exposed, and cannule inserted 
into them. The fibrin-ferment solution was injected into the vein, and 
samples of blood withdrawn from the artery. The following table gives the 
rate of clotting in various specimens. 

i. Before injection of fibrin-ferment, normal blood clotted firmly in 9-5 
minutes. 

ii. 10c.c. of fibrin-ferment solution run in. A loose clot formed in 
55 minutes, 

iii, + 10¢.c. more run in. Loose clot in 87 minutes. 

iv. 20c.c. more runin. Two specimens of blood withdrawn within an 


interval of 3 minutes. The first clotted firmly in 10, the second 


in 105 minutes. 
-v. 20c¢.c. more run in. Blood clotted firmly in 14 minutes. 
vi. 30c.c. more run in. Blood clotted firmly in 9°5 minutes. | 
vii. 50c.c. more run in. Blood clotted firmly in 4 minutes. 
viii. 50c¢,c, more run in. Blood clotted firmly in 4 minutes, 
This experiment shows the negative phase after the injection of a small 


1 Halliburton and Brodie, loc. cit. p. 154. 
PH. XVIII. 22 
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quantity of fibrin-ferment. Injection of more hastened the rate of coagulation 
very considerably. The total amount injected, however, produced no symp- 
toms and no intra-vascular coagulation. The dog was finally killed by 
asphyxia. 

Exp. 7. This experiment was also performed on a dog, anwsthetised in 
the same way. Nucleo-proteid was prepared from cat’s kidneys by the 
sodium chloride process, dissolved in 1 per cent. solution of sodium carbonate 
and filtered. The blood of a dog collected from the carotid artery was mixed 
with this solution, and in a control experiment with the corresponding volume 
of 1 per cent. solution of sodium carbonate. The specimens were watched 
for two hours, and the expression no clot in the following table means that 
no coagulation occurred during that time. The following were the results 


obtained. 
Solution of 1°/, Solution of nucleo- 
sodium carbonate proteid in 1°, 
‘sodium carbonate 


Proportion of blood to solution (control specimens) 
i Equal | «no clot no clot 
ii Blood + } 5 its volume of solution no clot clot in 10 minutes 


iii Blood + 7 its volume of solution | clot in 19 minutes | clotin 5 
iv Blood +a few drops of solution | clotin 25 ___,, clotin 2 
v Ditto clotin 17 _,, clotin 2 

This experiment shows the marked accelerating influence that nucleo- 
proteid has on the extra-vascular blood especially when added in small 
quantities ; if a large volume of the solution is added (as in i) the influence 
of the diluting solution inhibits the action of the nucleo-proteid. 


” 


6. SUMMARY. 


The principal points to which this paper calls attention are :— 

1. That the proteid formerly called cell-globulin 8 whether it is 
obtained from lymphoid structures like thymus, or from the stromata of 
the red corpuscles is a nucleo-proteid. 

2. Schmidt’s fibrin-ferment comes also under the same category. 
Those interested in the coagulation question will find in section 5 of 
this paper a review of Pekelharing’s most recent contribution to the 
- controversy, and an account of those experiments I have performed 
which bear out in a striking way his principal contentions. | 
. 8. Section 1 relates to a theoretical subject in relation to the mode 

of preparation of nucleo-proteids; and in section 2 will be found ana- 
lytical details showing the high percentage of phosphorus in the nucleo- 
proteid of red marrow. 

July 27, 1895. 


The expenses involved in this research have been defrayed out of a grant 
from the Government Grant Committee of the Royal Society. 
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ON A SUPPOSED ACTION OF DISTILLED WATER 
AS SUCH ON CERTAIN ANIMAL ORGANISMS. By 
F. S. LOCKE, M.B. 


Introductory. Quite recently Ringer and Phear have described the 
action of “distilled water” on tadpoles and on the small fresh-water 
worm Tubifex Rivulorum. “Tadpoles placed in distilled water rapidly 
become motionless, after a period varying as a rule between two and 
six hours. Paralysis is quickly followed by disintegration ; indeed signs 
of desquamation may be observed before movement has entirely ceased*.” 
“ As with tadpoles, so with tubifex, when placed in distilled water the 
animals in a few hours begin to disintegrate, and in 24 hours disintegra- 
tion is complete, all structure being lost and only débris being left®.” 
Ringer had previously examined the action of distilled water on 
tubifex with Sainsbury with, in general, similar results*. 
In February 1893, having to compare the action of ‘6 °/, sodium 
chloride solution with that of °6°/, sodium chloride solution to which 
small percentages of sodium oxalate had been added, I found that the 
‘6°/, sodium chloride solution I was then using had a much worse 
influence on the persistence of good contractility of the grass-frog’s 
sartorius than I had previously observed such a solution to have. I 
found, on further examination, that it was not merely the absence of 
certain salts (of Calcium, Magnesium, Potassium) from the solution 
which caused this so unfavourable action on voluntary muscle, for by 
the addition of these to the ‘6 °/, sodium chloride solution I was unable 
to obtain a solution which in any degree approached in preservative and 
recuperative action on voluntary muscle, a °6°/, solution of sodium 
_ chloride in New River tapwater, the sustaining properties of which had 
been discovered by Ringer in the case of the frog’s heart, and attri- 
buted by him mainly to salts of calcium contained in it. The distilled 
1 Ringer and Phear. This Journal, xvm, 423. 1895. 
2? Ringer and Phear. Proc. of the Physiol. Soc. March 16, 1895 (This Journal, 
xxiii). 

and Sainsbury. This Journal, xv1.1. 1894. 
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water with which my salt-solution was made seemed therefore to be at 
fault. It was that supplied by the Dispensary of St. Bartholomew's 
Hospital, and, like the distilled water usually met with, yielded a 
slight residue on evaporation and possessed a small amount of fixed 
acidity. 

Of the other distilled waters I proceeded to examine, the best was 
one kindly supplied to me from the Research Laboratory of the Pharma- 
ceutical Society, by Prof. Dunstan. It also gave a slight residue on 
evaporation on glass, and had a slight fixed acidity’. With this I was 
able, following on Ringer’s lines, to make a solution of much greater 
power of sustaining contractility than I had been able to before, but 
nevertheless distinctly inferior to one made with New River tapwater. 
I thus had before me the same problem which Ringer? had in the 
case of the frog’s heart—what is it which makes solutions, made with 
tapwater, so much better than those made with distilled water for the 
maintenance of physiological function? My position was however diffe- 
rent from that of Ringer, in that the variations in quality of distilled 
water I had met with made me suspect that the answer was to be 
found in some hitherto unheeded constituent in ordinary distilled water. 

Other engagements prevented my working out in detail this 
obviously by no means easy problem, and in the autumn of 1893 
_ appeared the important posthumous memoir of C. v. Nigeli—* Ueber 
oligodynamische Erscheinungen in lebenden Zellen’,” in which the 
problem appeared to me then and appears to me now to be solved. 

While independently investigating the action of Loew and 
Bokorny’s dilute ammoniacal solution of silver oxide on Spirogyra, 
Nageli found that the extreme dilution of the solution with distilled 
water did not make it less fatal to the plant, although the phenomena 
accompanying death became altered in character. 

Further investigation showed that the distilled water was itself 
rapidly fatal to the plant, characteristic phenomena accompanying 
death. This destructive action of ordinary distilled water on vegetable 
protoplasm was found not to be a property of distilled water as such, but 
to be due to very minute traces of compounds of various heavy metals 


which analysis showed to be dissolved in it. Water which did not _ 


possess this poisonous action (such as tapwater taken after the tap had 


1 This water was distilled with a copper still and tin worm. 

2 Ringer. This Journal, vi. 376. 1885. | 

* Nigeli. Denkschriften der schweizerischen naturforschenden Gesellschaft. xxx. 1. 
1893. 
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been allowed to “run” some time, or certain kinds of distilled water) 
became possessed of it after being allowed to stand in contact with 
metallic copper, silver, lead, tin, iron, or mercury. On the other hand, 
water possessing the poisonous action was found to be deprived of it by 
long boiling, or by its being brought in contact with the most various 
substances, agreeing only in their insolubility and exposure of a large 
surface: such were sulphur, carbon in various forms, manganic oxide, 
starch powder, filter paper, cotton wool, silk, wool, stearin, paraffin. An 
explanation of the action of these substances was afforded by the fact 
that glass vessels, which had contained poisonous water, were found to 
possess the power of rendering water, afterwards placed in them, poison- 
ous and this even after they had been brushed and washed. They lost 
it however when rinsed with dilute nitric or hydrochloric acid. The 
poisonous substance is therefore precipitated on, and firmly held by 
surfaces in contact with the water containing it. Pvisonous water could 
also be rendered harmless by the addition to it of colloid substances : 
gum, dextrin, albumin, gelatin. If again a large amount of Spirogyra 
was placed in a relatively small amount of water, part of it lives at the 
expense of the rest, which, in being killed, deprives the water of toxicity. 

Nageli christened this fatal action of minute traces of compounds 
of certain of the heavy metals “Oligodynamik'.” To obtain distilled 
water, not possessing “oligodynamic” properties (“neutral” water in 
Nageli’s terminology) he found it necessary to distil with glass 
apparatus. Ordinary distilled water varied in poisonous power. Dis- 
tillation after an interval of some days gave at first a very poisonous 
water, owing to the residue that had remained so long in the apparatus, 
but, after distillation had been long continued, the distillate became 
almost harmless. 

In an appendix to Nageli’s memoir, his former pupil Cramer gives 
the results of experiments made by him in Ziirich in control of 
Nageli’s work. He was able, working with chemically pure copper 
- and mercury, to corroborate all Nageli’s essential statements. In 
addition to the substances mentioned by Nageli, Cramer found that 
ferric hydrate had the power of depriving “oligodynamic” water of 
toxicity. 

The results of Naigeli seemed to me to afford the explanation I 
had been looking for of the unfavourable action on the grass-frog’s 


1 Nigeli estimated colorimetrically the relative amount of copper in 12 litres of dis- 
tilled water which had remained for four days in contact with 12 two-Pfennig-pieces as 
being 1 in 77,000,000. This water was powerfully *‘ oligodynamic” to Spirogyra. 
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sartorius of saline solutions made with distilled water, and since 
becoming acquainted with them I have, in experiments involving the 
treatment of animal tissues with solutions of various kinds, only made 
use of water distilled under my own eyes in glass apparatus. Since 
doing this no anomalies in my work on voluntary nerve and muscle 
ascribable to the water employed have been observed. 

But not only did my old results with voluntary muscle receive an 
explanation; a new and rational interpretation of certain much dis- 
cussed results of other observers in the case of the artificial nutrition 
of the frog’s heart seemed to be afforded. by Nageli’s investigation. 
Nevertheless, as will be seen from the preliminary communication 
following this paper, the action of colloids and of insoluble substances 
in rendering “oligodynamic” water “neutral” is not the only key 
required for the complete solution of existing difficulties. While in- 
vestigating this question the particularly destructive action of “ distilled 
water” on tadpoles and tubifex described by Ringer and Phear, and 
the means whereby they could annul this action attracted my attention, 
and it seemed worth while to examine for myself the action of distilled 
water on these animals. The results I will now describe. 


Regarding Method. The distilled waters made use of in my experi- 
ments were of three kinds: (1) water distilled with a glass flask and 
condenser under my own. supervision (this will be denoted as water 
distilled in glass); (2) distilled water obtained from Messrs Hopkins 
and Williams, who tell me it is not “ boiler-waste,”. but a genuine 
“distilled water” prepared with a copper still and tin worm, and collected 
directly in glass carboys (this water will be denoted as “commercial 
distilled water,” although it is much better than many distilled waters 
met with in commerce judging from preliminary chemical tests) ; 
(3) the distilled water previously referred to, prepared in bulk in the 
St. Bartholomew’s Dispensary with a copper still heated by steam and 
tin worm, and collected and stored in a large rivetted copper cylinder, 
the distillate coming into contact too with several soldered joints and 
brass fittings of one kind and another (this water will be denoted 
as “Aqua distillata ”). | 

All three waters gave minimal and, as far as could be roughly 
judged, about equal residues when drops of them were evaporated on 
glass slips’. They all too when tested with delicate blue litmus paper, 


1 ‘When evaporated on platinum foil the residue was barely perceptible. An amount 
of residue that can easily be missed on platinum is obvious on glass. 
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showed some fixed acidity. They were obtained and kept in the 
laboratory in large glass bottles. 

Beakers which had been rinsed with nitric acid, well washed with 
tapwater, and either wiped dry with a clean cloth or well rinsed with 
the distilled water to be investigated were used for the experiments. 
Each of these contained 200 c.c. of distilled water, and to this three 
tadpoles’, or a few tubifex (in parallel experiments the number of 
these was kept as constant as possible. In different series it varied 
from six to about fifteen) were added. The tadpoles were preliminarily 
well washed on a muslin strainer with water distilled in glass poured 
over them. The tubifex were well washed by decantation in a test- 
tube or dish. A small glass hook was found to be the most convenient 
instrument for the transference of the worms. 


The behaviour of tubifex and tadpoles in water distilled in glass. 
Tadpoles in water distilled in glass remain quite normal in appearance 
and behaviour for more than twelve days, beyond which period my 
experiments have not extended. Occasionally a death occurs but not 
more frequently than in control experiments made with tapwater. 
Tadpoles produce, for animals so small, a large amount of excrement. 
In one experiment, to exclude the influence of this, the animals were 
well washed by decantation on four consecutive days after the com- 
mencement of the experiment with fresh water distilled im glass. On 
the last of these days one had been found dead, and in the attempt to 
separate it from the others one of the survivors was carried away with 
it. The remaining tadpole was to all appearance normal at the end of 
nearly seven days from the beginning of the experiment, which was 
then interrupted. In all ten experiments were made on the behaviour 
of tadpoles in water distilled in glass. 

Tubifex did not give results so constant among themselves as did 
tadpoles. In one experiment two worms were still alive at the end of 
more than eight days, but in a parallel experiment they had all died 
before the end of six days. I have notes of several experiments which 
were broken off at the end of from four to six days, some of the worms 
being still alive, and of others in which the worms were all dead at the 
end of three to seven days. The average duration of seven experiments 
interrupted before the death of all the worms is 108 hours. The 
average duration of life of the last survivors in nine experiments con- 

1 As in Ringer and Phear’s experiments only tadpoles were used “in which develop- 
ment had progressed beyond the gill stage”. 
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tinued till the death of all the worms is 136 hours’, Disintegration 


speedily followed death of which loss of movement was taken to be 
the sign, but often remained incomplete. 


The behaviour of tubifex and tadpoles in “commercial distilled 
water.” Tadpoles behaved in this water exactly in the same way as in 
water distilled in glass. In one experiment two of the three tadpoles 
were alive at the end of twelve days, when the experiment was broken 


off. In other experiments all were alive at the end of eleven, and of 


ten days. In all, five experiments were made with tadpoles in this water. 

Tubifex did not live so long on the whole in this water as in water 
distilled in glass, the results too being still more inconstant among 
themselves, In one experiment three of the worms were still alive at 
the end of more than six days. In other experiments they were all 
dead in less than four, three, or two days, An instance of death and 
disintegration in twenty-four hours was never observed. In parallel 
experiments with water distilled in glass and commercial distilled 
water, the latter always became more quickly turbid than did the 
former, Seven experiments were made with tubifex in “commercial 
distilled water.” These as well as those with tadpoles were made with 
one sample only of the water. 


The behaviour of tadpoles and tubifex in “ Aqua distillata.” Tad- 
poles placed in this water overnight were usually found dead the next 
morning, with their cutaneous epithelium shed in large flakes. 

Tubifex under the same circumstances were usually found completely 
disintegrated. Occasionally one or two survivors were found, but these 
died in twenty-four hours from the commencement of the experiment. 
One sample however of this water was by no means so noxious to the 
animals. One experiment with tadpoles and one with tubifex were 
made with this. One of the three tadpoles survived over two days, and 
one worm nearly five days, The degree of toxicity of this water therefure 


varies. In all, five experiments with tadpoles and ten with tubifex in 
this water were made. 


Discussion of Results hitherto obtained. 
It has been found that all distilled waters are not alike in their 
power of sustaining the life of tadpoles and tubifex. While water 


1 The numbers on which the latter average is based are the numbers of hours from the 
commencements of the experiments till times midway between the last two observations of 
each experiment, when the deaths of the last survivors are assumed to have occurred. 
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distilled in glass, and “commercial distilled water” have no noxious 
action on tadpoles that could be observed, and by no means a rapid 
one on tubifex, the former water especially, “ Aqua distillata” is usually 
rapidly and characteristically fatal to both animals, as was usually also 
the distilled water employed by Ringer and Phear. To what are 
these differences due ? 

It might be argued that the water distilled in glass is especially 
favourable to the animals because of a minute trace’ of alkaline silicate 
in it derived from the glass condensing tube, and that the absence of 
this from “ Aqua distillata,” condensed in a tin worm, gives this water 
its noxious character. The favourable action of “commercial distilled — 
water,” also condensed in a tin worm, especially on tadpoles, excludes 
this interpretation. It would seem therefore that “Aqua distillata” 
owes its action not to the absence but to the presence of one or more 
substances. What are these ? 

The work of Nageli points to traces of compounds of one or more of 
the heavy metals. Direct experiment must now show if the traces of 
these, which can alone be present in distilled water, produce such 
marked effects on tadpoles and tubifex as have been seen to be pro- 
duced by “Aqua distillata,” and which Ringer and Phear have 
observed, 


The effect of certain metals in rendering water distilled in glass 
noxious to tadpoles and tubifex. | 

In its preparation and preservation “ Aqua distillata” comes in con- 
tact with tin, copper, zinc (in brass), and lead (in solder). I have in- 
vestigated the influence of contact with these metals on water distilled 
in glass in two ways. In one series of experiments a small piece 
of the sheet metal was placed in the water with the tadpoles or 
tubifex. In the other series a strip of the metal remained in one to 
two litres of the water for one to five days, the action of the water on 
the animals being afterwards determined. In all cases the “commercial” 
metals were employed, and were brightened with emery cloth before 
being used with the exception of tin and lead which were used in the 
form of foil. 2 

Of the metals investigated, copper was found to be the most active 
in rendering water unable to support the life of tubifex and tadpoles. 
Water which had remained in contact with a strip of copper exposing - 
36 sq. cm. of surface for 26 hours could not support the life of tubifex 
and tadpoles overnight (16 hours). The former were found completely 
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disintegrated, the latter with their epithelium shed in complete and 
beautiful casts. In an experiment in which the progress of events was 
followed the three tadpoles were dead at the end of two hours in 200 
c.c. of a water which had been in contact with the copper strip for five 
days, and desquamation had made obvious progress at the end of three 
hours. Water distilled in glass has been treated with metallic copper 
for periods varying from 26 hours to five days nine times, with uniform 
effects on its power of sustaining the lives of tubifex and tadpoles. 
Under the action of the water the surface of the copper loses a little of 
its brilliancy, but is not corroded. The copper strip was generally sus- 
pended in the water by a white silk ligature, and more than once the 
part of this which had been under water was noticed after drying to be 
distinctly blueish’. 

A piece of bright sheet copper 4°5 x 15cm. placed in 200 cc. of 
water distilled in glass produced complete disintegration of tubifex in 
less than 20 hours. Under exactly the same circumstances, in a parallel 
experiment, three tadpoles lived only 21 hours. At the end of nearly 
four days only two of the control worms in the same water without the 
copper were dead, while the three control tadpoles were quite normal. 

Metallic zinc has a very definite action in vitiating the power to 
sustain life of water in contact with it, but this is by no means so marked 
as that of copper, especially in the case of tadpoles. 

Brass has an action similar to and as powerful as that of copper. 

My experiments do not enable me to formulate definite conclusions 
with regard to lead, the action of which seems to be interfered with by 
circumstances which require better working out. Thus, a piece of lead — 
foil in 200 c.c. of water produced rapid disintegration of tubifex placed 
in the water. Tadpoles under the same conditions were unaffected. 
On the other hand, water which has remained long in contact with lead 
and has acted on it to such an extent that an abundant precipitate of 
the basic carbonate is present, has no very marked action on tubifex, 
and but a slight one if any on tadpoles. The ease with which lead is 
precipitated by free carbonic acid as the insoluble basic carbonate snd 
possibly afford the explanation of these anomalies. 


1 The bottles in which the water was placed in contact with copper were never quite 
full, Cramer found (loc. cit. p. 50) that the presence of air accelerated the action of 
copper. In my experiments I thought it justifiable to take advantage of this acceleration, 
as in the preparation and preservation of ordinary distilled water no special pains are 
taken to exclude air. 

? Tubifex therefore does not possess the immunity to lead poisoning described by 
T. W. Hogg, (Chemical News, uxxt. 223. 1895) in the case of earthworms. 
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My experiments did not show that tin has any actiun in vitiating 
the life-sustaining powers of water distilled in glass. 

If the results of these experiments be compared with those of Nageli 
with Spirogyra, they are seen not to be quite analogous, Niageli found 
lead and tin to make water “oligodynamic.” That, under certain circum- 
stances, lead can exercise a powerful action on tubifex has been above 
pointed out. 

The marked influence of the contact of distilled water with copper, 
either as such or in brass, amply explains the destructive action of 
“ Aqua distillata,” and points to the advisability of avoidance of all 
contact with this metal of water-to be used in physiological experiment. 
The common use of brass taps to the glass or stoneware vessels 1 in which 
distilled water is stored is inadvisable. 


I have endeavoured to form some conclusion as to the minimum amount 
of copper necessary to produce the marked effect on tubifex of distilled water 
which has remained in contact with the metal by experiments in which various 
small amounts of copper sulphate were added to water distilled in glass. These 
showed that water containing 1 part of CuSO,.5H,0 in 2,000,000 produced 
the same rapid disintegration of tubifex (in 18 hours) as did water distilled in 
_ glass in which (2 litres) the strip of copper exposing 36 sq. cm. of total surface 
had been suspended for 2 days 234 hours. Weaker solutions of the salt had 
not so rapid an action, although 1 part in 10,000,000 was distinctly injurious. 
In these experiments of course different salts of copper were in solution in the 
cases compared, but, in the light of current theory, dissociation in such extreme 
dilutions would be so complete that the active bodies, copper ions, would be 
the same. The results point to Spirogyra being more obnoxious to traces of 
copper than tubifex, for Nigeli found a water containing 1 part of copper in 
77,000,000 kill the plant in one minute at the most. 


The effect of the addition of certain substances to distilled waters on 
the behaviour of tadpoles and tubifea in them. 

Nageli found that “oligodynamic” water could be rendered 
“neutral” by certain agencies, among which were the bringing of inso- 
luble substances offering a large surface into contact with the water, and 
the dissolving of colloids in it. Crystalloids, of which Nageli only 
mentions dextrose, had not this action. He came to the conclusion 
that these agencies produce their beneficial effect not by a process of 
addition, but by one of subtraction. They precipitate noxious substances 
from the water’. 


1 Nageli conceived, in accordance with his Micellar Theory, the actions of colloids and — 
insoluble substances to be essentially the same. 


4 
4 
i 
4 
5 
a 
Ne 
a 
| 
os 


8. LOCKE. 


Ringer and Phear have found that many substances added to 
“ distilled water” make it able to sustain the life of tadpoles and 
tubifex. As they regard the action of their water by itself as due to 
its negative, not positive, qualities, they naturally conclude that the 
substances in question have a direct favourable action on the animals. — 
If however the effects attributed by them to the action of water alone 
are attributable to some toxic agent contained in it, it is obvious that 
another explanation is possible, especially in the case of two of their 
most efficacious life-preserving substances, the very insoluble magnetic 
oxide of iron and tricalcic phosphate, the action of which might be 
that of insoluble substances re a large surface in Nageli’s 
experiments. 

I have found by actual experiment that treatment with tricalcic 
phosphate, magnetic oxide of iron, ferric oxides’ or graphite* annuls 
the destructive action on tadpoles and tubifex of water distilled in 
glass which has remained in contact with copper’. 

On the other hand Ringer and Phear found that many soluble, 
mostly saline, crystalloids preserved the life of tadpoles and tubifex in 
“distilled water.” I have made many experiments on the effect of the 
addition of two of these substances, potassium ferrocyanide (‘001— 
‘002°/,) and sodium oxalate (‘0125—‘025°/,), to the distilled waters I 
have worked with. 

I find that both these substances added to water distilled in glass 
and to “commercial distilled water” are, in the case of tadpoles, 
indifferent within the limits of my experiments: they do not lessen 


1 It will be remembered that Cramer found ferric sao to be efficacious in protecting 
Spirogyra. 

2 + Best electrolytic plumbago.” 

3 That the action of these substances on “ oligodynamic’’ water is essentially a physical 
one, depending on the surface they expose, is rendered extremely probable by experiments 
with Ca,P,0,, Fe,0, and Fe,0, in which very small quantities of these substances were 
allowed to remain for more than two days in water distilled in glass which had remained 
in contact with metallic copper for nearly three days. The bottles were all shaken from 
time to time on the first and second days, and after standing overnight the clear solutions 
were siphoned off the undissolved residue. They were all strongly noxious to tubifex, 
the worms dying in less than 24 hours, On the other hand, it would seem that the 
amount of substance required is not very large, for -1 gram of Ca,P,0, rendered 500c.c. 
of a water made powerfully toxic by metallic copper as innocuous as did 5 grams. The 
half-litres of water stood over the Ca,P,0, for 2 days 24 hours, and the bottles were twice 
well shaken on the second day. The tubifex in the two control experiments (made with 
water unacted on by Ca,P,0,, but shaken, and siphoned off exactly as the other two waters 
were) were disintegrated in 16} hours. In both the Ca,P,0, waters (two experiments 
were made with each) most of the worms were alive and active after nearly six days. 
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the duration of life in these media, In the case of tubifex, the results 
are not so constant, and both substances, but more especially potassium 
ferrocyanide, have often a distinctly deleterious effect when added to 
water distilled in glass.) When added to “commercial distilled water” 
sodium oxalate has perhaps a slightly beneficial, potassium ferrocyanide a 
slightly deleterious action, but the differences of duration of life observed 
were not sufficiently great or constant to allow definite conclusions to 
be drawn. 

When added to “Aqua distillata” and to water distilled in glass 
acted on by metallic copper, on the other hand, these substances have a 
very marked and definite action. They completely prevent the rapid 
and characteristic action of these waters on both tadpoles and tubifex, 
changing them into media sustaining the life of tadpoles, and in some 
cases even of tubifex, as well as does water distilled in glass. 

I have no doubt therefore that certain crystalloids have the power 
of preventing the effects of “oligodynamic” in the case of animal 
organisms. Sodium oxalate and potassium ferrocyanide are however by 
no means chemically passive bodies like Nageli’s dextrose, and doubt- 
less by double decomposition with the substance or substances which may 
make distilled water toxic give rise to harmless products. When never- 
theless potassium ferrocyanide or sodium oxalate is added to water 
strongly toxic after contact with metallic copper no visible precipitate is 
formed’. 

With two other crystalloids that Ringer and Phear found to 
indefinitely sustain the life of tadpoles in “distilled water,” sodium 
chloride (‘5°/,) and sodium bicarbonate (‘1°/,), I have not been so 
fortunate. The few experiments I made with these substances in 
“ Aqua distillata” and in water distilled in glass made strongly injurious 
with copper did not show them to possess at all the marked beneficial 
action of potassium ferrocyanide and sodium oxalate. At the most they 
postponed death by some hours. 

On the other hand, I find that, just as Ringer and Phear found 
calcium sulphate inactive in preserving the life of tadpoles and tubifex 
in their “distilled water”, this substance even when present in large 
excess in, and frequently shaken up with water distilled in glass 

1 The solutions of potassium ferrocyanide (-001—-002 °/,) in all the distilled waters 
worked with, were at first almost if not quite colourless, but gradually became very dis- 
-tinctly, but to a varying degree, yellow. This yellow colouration made its appearance in 


water containing tadpoles and tubifex as it did in water without any animals. The 


mahogany colouration produced by potassium ferrocyanide in dilute’copper solutions was 
never seen. 
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acted on by copper has no pronounced life-sustaining power’. It 
would appear therefore that a high degree of insolubility, not merely 
slight solubility, must be possessed by a substance to make it a potent 
_ antagonist to“ oligodynamic”. The slow constant exchange of material 
at the surface between solid and liquid in the case of the slightly 
soluble substance is sufficient to prevent its exercising a marked 
antidotal influence. 


I may point out here that many of the results of Ringer and Phear 
bear an unmistakeable analogy to the effect which the presence of minute 
traces of certain salts in water has in preventing the dissolving of the lead 
of water pipes. Sulphates, phosphates, and carbonates, especially calcium bicar- 
bonate, are accredited with this action. E. Frankland states that the presence 
of the minute trace of tricalcic phosphate that water can dissolve prevents 
completely its action on lead (compare my note on a previous page). The 
effects which, on account of their practical importance, have had so much 
attention paid to them in the case of lead may, with obvious — hold 
good 1 in the case of other metals. — 


CoNCLUDING REMARKS. 


The experimental evidence brought forward makes it, I think, in 
the highest degree probable that the so fatal action of “distilled water ” 
in Ringer and Phear’s experiments was due to the presence in it of 
minute traces of injurious matter. 

It must be pointed out that the life-sustaining power of “ distilled 
water” which has been allowed to stand over tricalcic phosphate, a 
power not given to the water by the addition to it of a more soluble 
calcium salt, holds good not only in the case of whole organisms, but, 
according to the past work of Ringer, in the case of the frog’s heart 
also, especially at certain seasons of the year. “Phosphate of lime 
circulating fluid’...is very superior to a circulating fluid containing 
calcium chloride*; moreover it is equally serviceable all the year round, 
whilst the fluid containing calcium chloride is much less efficient 
during some parts of the year than at others, succeeding much better in 


1 Control experiments showed me that this result was not due to a saturated solution 
of CaSO, having itself a deleterious action on tadpoles and tubifex. 
2 Made by allowing °6 °/, NaCl solution to stand over tricalcic phosphate, and adding 
to the siphoned off clear solution -01—-02 °/, KCl. 
8 Made by adding about ‘02 °/, CaCl,, about ‘01°/, KCl, and about 01 */, NaHCO, to 
°/, NaCl solution, 
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the autumnal and early winter months than in January and the 
subsequent months ’.” 

Ringer has himself tried in a later paper’ to explain the superiority 
of calcium phosphate to calcium chloride in the case of the heart by 
the removal by the former, and not by the latter, of some of the carbonic 
acid present in “ distilled water”. To this same removal of carbonic acid 
he attributes directly the good effect of long boiling of the “distilled 
water” with which circulating fluid is to be made. It is obvious that 
here again, in the light of what has gone before, there is another, and 
to me more probable, explanation. 

The full discussion of these points would be out of place here, and 
must be postponed to a later paper. I will only mention now that a 
“Ringer’s solution” made with calcium chloride from water distilled 
in glass has acted in my experiments during the spring months of this 
year as efficiently as one made with tricalcic phosphate; but if the 
former is made with water distilled in glass which has remained in 
contact with copper, it has the action described by Ringer as possessed 
by his circulating fluid made with calcium chloride during the months of 
March, April, May, and June. 


Having only experimented with tadpoles and tubifex I prefer not to 
discuss Ringer’s earlier work on the action of distilled water on newts, 
gold fish, sticklebacks, eels; minnows*® and the ciliated epithelium of the 
fresh-water mussel*. I will only point out that we have now a sufficient 
explanation of the observation that distilled water, in which a large number 
of minnows had been placed, with a fatal result to most of them, sustained 
the life of fresh minnows well, although containing “‘ decidedly less lime than 
tapwater diluted with two parts of distilled water,” this mixture being 
unable to sustain life. On the other hand, it would seem that some of the 
water worked with must have been “neutral” or nearly so, for Ringer was 
able, in one experiment of many, to preserve the life of a minnow for fifteen 
days in distilled water containing ‘1°/, of calcium chloride. 


July 12, 1895. 


1 Ringer. This Journal, vu. 292.1886. Ringer found that sometimes in the months 
of March, April, May, and June, circulating fluid made with calcium chloride, ‘‘will only 
sustain good contractions for half-an-hour to three quarters of an hour”. (This Journal, 
vi, 376. 1885.) 

2 Ringer. This Journal, x1v. 125. 1893. 

3 Ringer. Proc. of the Physiol. Soc, Dec, 13, 1883 (This Journal, rv, p. vi), and this 3 
Journal, v. 98. 1884. ; 

4 Ringer and Buxton, This Journal, vi. 154. 1885. 
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TOWARDS THE IDEAL ARTIFICIAL CIRCULATING 
FLUID FOR THE ISOLATED FROG’S sapien By 
F. LOCKE, M.B. 


(Preliminary Communication.) 


Two years ago Albanese’ published an investigation of the necessary 
conditions to be fulfilled by a circulating fluid for the isolated frog’s 
heart which is made to do real mechanical work. These conditions, 
according to Albanese were (1) isotony with frog’s blood; (2) the 
possession of a certain amount of viscosity; (3) a degree of alkalinity 
sufficient to remove the acid products of metabolism; (4) a supply of. 
free oxygen. These conditions were all fulfilled by the use of a solution 
containing ‘6 °/, NaCl, 2°/, ordinary gum arabic, and a trace of Na,CO,, 
kept saturated with oxygen by the passage of a stream of the gas through 
it. This gave admirable results. 

As however Albanese was unable to corroborate Ringer’s veauits 
as to the importance of Calcium and Potassium for the frog’s heart, and 
as the non-recognition of their importance in the Strassburg Phar- 
macological Institute may tend to hinder the general recognition of their 
importance in metabolic processes of which I myself have had ample 
proof, I publish now a small part of a more general investigation having 
as object the clearing away of some at any rate of the numberless dis- 
crepancies in this small branch of experimental physiology. 

Gum arabic consists chemically of the potassium, magnesium, and 
ealcium salts of arabic and similar acids. These acids can be prepared 
in the free state, then containing no ash, by repeated treatment of the 
aqueous solution of the gum with hydrochloric acid followed by pre- 
cipitation with alcohol. This I have done and find that a 2 °/, solution 
of the sodium salt of the acid or mixture of acids in ‘6°/, salt solution, 
made weakly alkaline with Na,CO,, and saturated with oxygen, stops 
the heart like alkaline salt solution, its activity recommencing when 
the necessary amounts of calcium and potassium chlorides are added, 
there being good recovery too of its absolute force. 


1 Albanese, Archiv f. exp. Path. u. Pharm. xxxm. 297. 1893. 


aN... 
a 
re 
aa 
By 
4 
a 
vu 


ARTIFICIAL CIRCULATING FLUID. 333 


The viscosities of the sodium ‘arabate’ and gum arabic solutions are 
very nearly the same. 

The conclusion must not be drawn that gum arabic acted in 
Albanese’s experiments merely by virtue of its mineral constituents, 
for Ringer’s solution (made with CaCl, or with Ca,P,0,) does not sustain 
a frog’s heart under a load of 20—25 cm. in the Williams apparatus for 
more than from two to five hours. I have however by the addition of 
‘1 °/, of dextrose to a suitable inorganic solution kept a frog’s heart fed 
with this and working under a load (Belastung) of 21°5cm. and under 
an “afterload” (Ueberlastung) of 3 cm. in spontaneous activity for more 
than 24 hours, 

A sustaining action of this kind upon the heart does not oie, to 
dextrose alone, but to various other organic substances. 


July, 1895 
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ON INTRA-CRANIAL PRESSURE AND THE CERE- 
BRAL CIRCULATION. Part I. Physiological. By W. M. 
BAYLISS, BSc, anD LEONARD HILL, M.B,, Assistant 

_ Professor of Physiology, University College, London and Grocers’ 
Research Scholar. (Nine figures in text.) Part II. Histological. 
By G. LOVELL GULLAND, BSc., Assistant Physician to the 
Royal Infirmary, Edinburgh.’ 


Part I. By W. M. BAYLISS, AND Lronarp HILt. 


THE methods hitherto employed in researches on the cerebral circu- 
lation have, in one way or another, proved incomplete or defective. 
Important questions remain still undecided. 

Such problems as these suggest themselves :—Is the brain supplied 
with vaso-motor nerves which regulate its blood supply, or does it, in the 
varying conditions of life, passively endure every to-and-fro swing of the 
blood-pressure ? Does the volume of the blood within the brain vary in 
amount, or does it remain constant, “cabin’d, cribb'd, confin’d” by the 
wall of the skull? Is the brain matter exposed to the full tension of 
the varying blood-pressure, or is there existent some compensatory 
mechanism by means of which the intra-cranial pressure is kept con- 
stant? Lastly we ask, Does a rise of arterial pressure increase the supply 
of blood to the brain, or does it, as some investigators have supposed, 
cause an anemia? For it is conceivable, that, in the closed box of the 
skull, the cerebral capillaries might be obliterated by the pressure of 
the expanding arteries, since the tension of the vessels at the base of 
the brain may be directly transmitted through the brain substance. 

In order to settle these vexed questions, upon the subject of which 
so much of the pathology of morbid cerebral conditions depends, it is 
obviously required that the arterial pressure at the cerebral inlet, the 
venous pressure at the cerebral outlet, and the intra-cranial pressure in 
the closed skull cavity should all simultaneously be made the subject of 
observation and record. This has not yet been fully achieved by any of 
the older methods. 


‘ This research has been carried out with the help of a grant from the Royal Society 
Government Grant. 
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History. On passing to the examination of former methods we find, 
as early as 1783, Alexander Monro the younger, putting forward the 
view that the quantity of blood within the cranium is almost invariable, 
“for being enclosed in a case of bone,” he writes, “the blood must be 
continually flowing out of the veins that room may be given to the blood 
which is entering by the arteries. For as the substance of the brain, 
like that of the other solids of our body, is nearly incompressible, the 
quantity of blood within the head must be the same or nearly the same, 
at all times, whether in health or disease, in life or after death, those 
cases only excepted in which water or other matter is effused or secreted 
from the blood vessels; for in these a quantity of blood equal in bulk to 
the effused matter will be pressed out of the cranium.” 

_ This clear-sighted and undoubtedly true doctrine was supported by 
Abercrombie and Kellie, but was denied by Burrows and Donders. 

After he had killed animals by bleeding and had found that the 
brain after death still contained as much blood as in the normal condi- 
tion, Kellie went on in further experiments, to trephine the cranium 
and then bleed the animals to death. On post-mortem examination the _ 
brain appeared to be empty of blood. He therefore concluded that, so 
long as the cranium was closed, the volume of blood in the brain could 
not vary. 

On the other hand, Donders, who observed the capillaries of the 
pia-mater through a glass window which he screwed into a trephine 
hole, found that, with the skull closed, the amount of injection of the 
capillaries varied. This, however, seems to us to be no proof of the 
variation in the total volume of blood within the cranium. It may 
only indicate a variation in the relative distribution of the same 
quantity of blood. Thus, if the capillaries are expanded the veins 
may be proportionately compressed. Donders’ experiment gives no 
proof in either direction. In this matter, therefore, his method of 
observation is incomplete. In support of Kellie’s experiments, one 
of us (Hill) has lately shown in a research on the Influence of Gravity 
on the Circulation, that so long as the skull is a closed cavity the brain 
cannot collapse or empty itself of blood, but that it will empty itself if 


_ the skull be opened and the cerebral capillary pressure fall below the 


height of a column of blood reaching from the heart to the brain. 
The method employed by Salathé is also incomplete. He regis- 
tered changes in intra-cranial pressure by screwing a tube into the 


- skull and this tube he connected with a manometer. One of us (Hill) 


_ has found that with any increase of intra-cranial pressure the brain 
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floats up against the trephine hole, and acts towards it as a valve, so 
that no more fluid can escape into the manometer. Thus it is im- 
possible, by injecting fluid into the sub-dural space of the vertebral 
canal, to drive it out of a hole in the cranium. 

Another method, which was first employed by Falkenheim and 
Naunyn, and later, in a modified form, by Dean, cannot be regarded as 
complete. These investigators connected the spinal sub-dural space with 
a manometer by means of a catheter. Falkenheim and Naunyn passed 
this catheter up the lower end of the dural sac in the region of the 
cauda equina, and by Dean it was passed up the sheath of a spinal 
nerve, 

Now it has been found (by one of us, Hill) that when the intra- 
cranial pressure rises the small quantity of cerebro-spinal fluid within 
the skull cavity passes into the spinal canal. The base of the brain 
then descends and blocks up the foramen magnum and no further rise 
of cerebral pressure can be communicated to the manometer which is in 
connection with the spinal sub-dural space. 

Knoll’s method meets with the same objection. He measured the 
pressure in the spinal sub-dural sac by passing a cannula through the 
occipito-atlantal membrane and this he connected with a manometer. 

By no one of these methods can the changes in intra-cranial pressure 
be completely measured. The smaller variations only can be shown. 
The brain, on its increased expansion, closes up, not only a trephine hole 
in the roof of the cranium, but the foramen magnum in the base. The 
intra-cranial pressure therefore may vary exceedingly, but the mano- 
meters of not one of these investigators can fully record the variations. 

The results of the last four authors can be regarded as true records 
of variations of pressure in the contents of the vertebral canal, but not in 
the contents of the cranial cavity. 

Of considerable value is Gaertner and Wagner’s method of record- 
ing the outflow of blood from the lateral sinuses, but their results, 
although of great interest, are not conclusive because they did not 
simultaneously record the arterial and venous pressures _ the cere- 
bral venous outflow. | 
~~"None of the whom we have mentioned 
records in their researches of the general venous pressure as well as of 
the arterial pressure. The method employed by Roy and Sherrington 
is more complete. These authors, by a most ingenious plethysmographic , 
method, recorded the variations of the vertical diameter of the brain 
with the cranium open. At the same time they registered the arterial 
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pressure, and in some cases, they investigated the general venous 
pressure in similar conditions of experiment. Their method seems 
to us incomplete in so far as that the normal condition is not main- 
tained, since throughout the experiments the cranium is open. In the 
closed cranium large alterations of blood volume are impossible. In the 
_ open cranium with the atmospheric pressure brought to bear upon the 
cerebral capillaries, the physical conditions of the cerebral circulation 
are altered. These authors, moreover, do not seem to us to have recorded, 
simultaneously with the general venous pressure, the variations of the 
brain volume and the arterial pressure. In their search for vaso-motor 
nerves, they did not, after division of the spine in the dorsal region, 
stimulate either the vaso-motor centre or the spinal nerve roots. Never- 
theless their work has yielded valuable results on many points which we 
shall be able to confirm in this paper. Some other of their results we 
have been entirely unable to obtain. 

Our object has been to make the method of research complete by 
simultaneously recording the arterial pressure, the general venous — 
pressure, the intra-cranial pressure, and the cerebral venous pressure, 
the cranium as in the normal condition being a closed cavity. 


Method of Research. The animals employed for this research were 
in all cases dogs. Throughout the experiments morphia was the 
anesthetic used. The method of procedure of the experiments was as 
follows :—A cannula was placed in the central end of the carotid artery. 
A second long cannula was passed down the external jugular vein, and 
on the same side, into the right auricle. The torcula Herophili was 
trephined and a third cannula, this time of brass, was screwed into the 
hole thus made. The cannula in the carotid artery was placed in con- 
nection with a mercurial manometer, and the other cannulas with 
manometers filled with a saturated solution of magnesium sulphate. 
These venous manometers were, in their turn, connected with very 
delicate tambours or piston recorders. (The method of obtaining the 
cerebral venous pressure and the pressure in the sub-dural space was 
communicated by one of us, Hill, to the Royal Society in 1894.) 

Thus, records were obtained of the general arterial pressure, of the 
general venous pressure, and of the cerebral venous pressure. 

In some experiments, the intra-cranial pressure, that is the pressure 
in the sub-dural space, was also recorded. This was only necessary so 
far as to prove the fact, which always holds true, that the intra-cranial 
pressure and the cerebral venous pressure are, in all physiological eon- 
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ditions of the circulation, the same. The first suggestion of such a 
method of research was given by Prof. Burdon-Sanderson. The 
skull is trephined in the parietal region, the dura mater freely divided 
and the trephine hole ‘ wormed’ with an ordinary mechanic's tap. A 
piece of brass tube, over the end of which a membrane of very thin. 
india-rubber has been tied, is then screwed in. Attached to the end of 
the brass tube is a piece of glass tubing of a fine-bore. This is connected 
with a T piece, one branch of which leads to a pressure bottle and the 
other to a mercury manometer. The whole apparatus is completely 
filled with water and then a bubble of air is introduced within the fine- 
bored glass tubing so as to act as an index. After the apparatus has 
been screwed into the trephine hole, the position of the air index is 
marked on this glass tube. When by increase of intra-cranial pressure 
the air index is displaced outwards it can be brought again to its initial 
position by raising the pressure bottle to the required amount. When 
by decrease of intra-cranial pressure the index is sucked inwards it can 
in like manner be brought back to the mark by lowering the pressure 
bottle. In either case the pressure required is indicated by the mer- 
curial manometer and is the intra-cranial pressure at the time. Such is 
our method of record, and this we used to investigate the existence of 
cerebral vaso-motor nerves. We carried on the research in the following 
ways :— 

(i) We divided the vago-sympathetic nerves and stimulated the 
central end in both the curarised and the uncurarised animal. 

(11) We divided the spinal cord in the upper dorsal region at a level 
of the 2nd to the 6th dorsal nerves, and we stimulated, either the central 
end of the cord, or the vaso-motor centre in the bulb. 

(iii) We planned a new method of stimulating the cervical 
sympathetic nerve so as to include any of its possible branches to 
the vertebral arteries together with the supply to the carotid arteries, 

In the experiments carrying out this last method the animals were 
placed under morphia and then lightly curarised, and artificial respira- 
tion supplied. The thorax was then opened in the middle line, and © 
_ weighted hooks were used to keep the walls of the cavity well apart. 
The heart was protected from exposure by a pad of cotton wool. The 
sympathetic nerve was then caught up—with an aneurism needle— 
where it lies high in the thorax and as it passes over the Ist rib just 
below the stellate ganglion, and a ligature was passed under it and 
tied. The nerve was then divided below the seat of the ligature, and a 
pair of long shielded electrodes were placed on the nerve between the 
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ligature and the stellate ganglion. Finally the ligature was tied on to 
the electrodes in such a way that the nerve could not be displaced, and 
the thorax was then closed. By this means was insured the stimu- 
lation of the whole of the sympathetic fibres which supply one side 
of the head and neck. The accelerating fibres to the heart were also 
included. 

By all these methods of research we found that b the cerebral venous 
pressure (and the intra-cranial pressure) passively followed the changes 
in the general arterial and general venous pressure. We could obtain 
no evidence whatever of any independent change pointing to the 
existence of any vaso-motor nerves supplying the brain. 


Experimental Results. 


i. Excitation of the central end of the vagus produces either a rise 
or a fall in cerebral venous pressure, according as there is in the 


Fig. 1. A, Carotid Artery. 3B. Right Auricle, C. Torcula Herophili. 
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ascendancy the sensory constrictor influence or the depressor action of 
the nerve on the vaso-motor centre. 

ii. After division of the dorsal cord, and upon stimulating the 
central end of the divided cord, or the vaso-motor centre, there is a 
slight rise of general arterial pressure, and the cerebral venous pressure 
passively follows this rise. The general venous pressure may remain 
unaltered or may suffer an insignificant rise or fall. 

In Fig. 1 is shown the effect of stimulating the central end of the 
cord after it has been divided at the level of the 3rd or 4th dorsal 
vertebra. 

On dividing the cord still higher at the level of the 2nd dorsal ver- 
tebra the effect, although very much 
slighter, was still the same in cmd 
racter, 

iii. On stimulating the stellate 
ganglion in the thorax acceleration — 
of the heart and a slight rise of 
arterial pressure occurs, the general 
venous pressure may fall slightly or 
remain unaffected while the cerebral 
venous pressure follows the arterial 
rise (Fig. 2). | 

Thus we have been entirely 
unable to find any evidence of a 
vaso-motor supply to the brain. 
Each of these experiments has been 
many times repeated, and the injury 
to vaso-motor excitability by shock 
or the use of curare has been care- 
fully prevented by slight curarisa- 
tion, by keeping the animals on 
warm baths, and by rapid experi- 
mentation. We have stimulated 
the whole of the sympathetic supply, 
and the whole of the cranial nerve 

supply, and we have, by dividing 
the spinal cord, diminished the over- 
powering passive effect of the general 
circulation to a vanishing point. 
Yet we have obtained no positive 
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results, The cerebal venous pressure has never varied in a contrary 
sense to the general circulatory pressures. 

We have further investigated the result on the circulation of the 
brain of a number of other effects, as given below. 


1. Interference with the circulation of the blood in the brain was caused 
by a ligature being placed 
round the neck. If a 
cannula be placed in the 
trachea and a ligature be 
then drawn round the 
neck so as to exert gentle 
pressure on the veins, 
there is an immediate, 
marked, and _ sustained 
rise of cerebral venous 
pressure (Fig. 3). 

Directly the ligature 
is withdrawn, the pres- 
sure again falls to normal. 

In our general experi- 
mental method we oc- 
cluded one carotid artery 
and one jugular vein. 
This makes little differ- 
ence to the cerebral cir- 
culation. Roy and Sher- 
rington found this also, 

Occlusion of both 
carotids causes a marked 
fall in cerebral venous 
pressure. | 


2. Stimulation of the 
peripheral end of the va- 
gus. These experiments 
have led to very interest- 
ing results which help to 
explain the physical con- 


ditions of the cerebral , 
circulation. If one vagus Right 
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nerve be divided and the peripheral. end stimulated the arterial 
proses rapidly falls while the general, venous pressure as rapidly 


Fig. 4. A. Carotid. B. Torcula 
C. Right Auricle. 


Herophili. 


rises to the mean pressure: of the whole 
circulatory system (Fig. 4). 

If the animal be horizontal and the 
effect of gravity absent the intra-cranial 
pressure or cerebral venous pressure will 
also be the same as the mean pressure. 

Fick has postulated “that the pressure 
in a closed cavity is equal to the arterial 
pressure minus the resistance which opposes 
the tension of the vascular wall.” This does 
not completely state the truth, for, in such 
& case as we are now discussing, when the 
heart ceases to beat and the pressure in 
all parts of the circulatory system reaches 
the same mean point (the effect of gravity 
being neglected) the intra-cranial pressure, 
by following the venous rise as well as the 
arterial fall, reaches the same mean point. 

In determining capillary pressure the 
venous pressure is of equally great import- 
ance as the arterial pressure. Following 
in the steps of the school of Ludwig, 
Bayliss and Starling have lately insisted 
on the fact that the capillary pressure 
stands in closer relationship to the venous 
than to the arterial pressure. In general, 
so long as the systemic venous pressure 
remains constant, but only so long, the 
intra-cranial pressure—and that is the 
cerebral capillary pressure—follows the 
arterial pressure. If both alter, the intra- 
cranial pressure is affected by both, and 
an alteration of pressure of equal amount 


/ and in opposite directions in both, will 


affect the intra-cranial pressure from the 
venous side to a greater degree than from 
the arterial side, because it is on the arte- 
rial side that the resistance lies. 
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There is another point in the mechanism of the cerebral circulation. 
The cerebral vessels enclosed in the unyielding box of the cranium are 
more of the nature of rigid tubes. Any alteration of pressure, in a 
circulatory scheme produced by a pump, reaches its maximum more 
rapidly in a rigid tube than in an elastic tube. If great resistance lies 
in the outlet of a rigid tube, on varying the force of the pump, pressure 
will rise still much more rapidly and fall much more slowly there. 
Such an effect is shown on many of our tracings in cases where the 
venous outlet has been accidentally impeded either by clotting or 
kinking of the veins arising from the position of the head; or where it 


Fig. 5. A. Carotid. B. Right Auricle. C. Intra-cranial Pressure. 
D. Torcula Herophili. 
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has been experimentally produced by gently tightening a ligature 
round the neck or by plugging the lateral sinuses (Fig. 5). 

Thus in this tracing cerebral venous pressure and the intra-cranial 
pressure are seen to fall somewhat when the heart ceases to beat, to 
rise much above the normal when the heart begins again to beat, and 
finally to fall slowly back to the normal. 

On stimulation of the peripheral end of the vagus, therefore, we 
normally obtain a fall of intra-cranial or cerebral venous pressure if the 
resultant effect of the fall of arterial pressure be greater than the effect 
of the rise of general venous pressure. 

On the other hand, if the outlet of the cerebral veins be impeded, a 
large rise of intra-cranial pressure always occurs when the heart again 
begins to beat. 

Roy and Sherrington observed, after vagus stimulation, a the 
expansion of the brain, and their tracings show exactly the same result 
as has been obtained by us where the cerebral venous outlet was 
blocked. .These authors curiously ascribe this phenomenon to some 
constricting influence of the peripheral end of the vagus on the general 
venous system. 

They write “that according to our observations there are in the 
vago-sympathetic nerves, descending fibres, section or stimulation of 
_ which can produce either a rise or a fall of the general venous pressure, 
and these fibres can be called into action, either by direct stimulation 
or reflexly, by excitation of ascending fibres, the corresponding nerve of 
the other side being intact.” 

Dean, by his ingenious method of recording cerebro-spinal pressure 
never obtained this marked expansion observed by Roy and Sher- 
rington. It is probably owing to his method that Dean never found 
any indication of this effect. It was unlikely that the veins of the 
neck would be kinked or pressed as his records were obtained from the 
vertebral canal and not from the brain. In Roy and Sherrington’s 
method, and also in ours, it is extremely probable that the venous outflow 
would sometimes, from experimental interference with the head, become 
impeded. 

We have abundant evidence that these vagus effects are entirely 
mechanical in origin, and for the sake of making this quite clear, we 
will once again recapitulate our position. 

Upon producing cardiac inhibition the rise of general venous 
pressure is simply caused by the pressure in the whole circulatory 
system reaching one dead level or mean pressure ; the pump ceases to 
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work, the pressure in the arteries runs down and in the veins runs up 
until the mean is established throughout the system. There is no 
need to invoke the aid of any hypothetical vaso-motor nerves. In 
those cases in which the cerebral venous outlet is impeded and a 
marked rise of intra-cranial pressure occurs when the heart again 
begins to beat, the explanation is also mechanical. 

A more lucid way of stating this is as follows :— 

(i) When the heart ceases to beat the brain cannot empty itself of 
blood because the cranium is a closed cavity. 

(ii) When the heart again begins to beat, the brain is full of 
blood. | 

(iii) Ifthe venous exit be impeded the force of the heart-beat will 
be transmitted from the large arteries at the base of the brain on 
to the venous sinuses, directly through the brain substance. Hence 
there is a great rise in the’ pressure of the torcula Herophili. 

(iv) Finally as the blood again slowly forces open exits from the 
venous sinuses, the pressure in the torcula once more falls to the 


normal. 


3. Pressure on the abdomen, Pressure on, or bandaging of the — 
abdomen, by reducing the total capacity of the circulatory system, 
causes a rise in the general arterial and venous pressures, and the 
cerebral venous pressure passively follows this rise. The effect on the 
cerebral venous pressure is as large as in Fig. 3. 


4. Ezacitation of a sensory nerve. Stimulation of any sensory nerve 
causes a rise of general arterial pressure and the intra-cranial or cere- 
bral venous pressure passively follows this rise. The general venous 
pressure rises slightly or remains unaltered. 


5. Asphyxia. On producing asphyxia in the curarised animal by 
stopping the artificial respiration, the general venous pressure, owing to 
_ the mechanical effect of stopping the respiratory movements, at first 

falls, The cerebral venous pressure passively follows this fall (Fig. 6). 
During the subsequent rise in arterial pressure, the general venous 
pressure does not vary while the cerebral venous pressure passively 
follows this arterial rise. | 

During the last stage of asphyxia, when the arterial pressure is 
falling the general venous pressure is rapidly rising, owing to the failure 
of the heart coupled with the diminution of the capacity of the circula- 
tory system produced by the vaso-constriction. The cerebral venous 
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pressure is now the resultant produced by the arterial and general 
venous pressures, 


Fig. 6. A. Carotid. B. Torcula Herophili. C. Right Auricle. 


Thus it is seen that when the arterial pressure has returned to the 
normal level, the cerebral venous pressure is far above the normal owing 
to the mee rise that has, at this time, taken place in the general venous 
pressure’. 

We have never obtained the slightest evidence in our numerous 
experiments on asphyxia of any change in the cerebral vessels which 
could not be explained passively. Roy and Sherrington obtained 
evidence of expansion of the brain volume which could not be explained 
by them as being due to any rise in the arterial or general venous side. 


1 In this tracing the general venous effect was larger than it appears, owing to the 
venous tambour being less delicate than the torcula tambour. 
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These authors did not record all the effects of asphyxia on the volume of 
the brain, on the arterial, and on the general venous pressure simul- 
taneously. 

We have noticed in the case of an animal if insufficiently curarised, | 
that the slightest attempt at respiration on its part, especially if it cause 
movements of the neck muscles which compress the jugular veins, 
will raise the cerebral venous pressure, and this unless carefully 
guarded against may possibly be a source of error. Dean noticed the 
preliminary fall in the pressure of the cerebro-spinal fluid in an animal 
in a condition of asphyxia, and ascribed this effect to the possible 
existence of vaso-constrictor action on the cerebral vessels. This 
preliminary fall is, we believe, entirely due to the fall in general venous 
pressure, which is itself occasioned mechanically by the cessation of 
respiration. 


6. - Influence of anesthetics. Administration of chloroform sales 
a fall of arterial pressure and a rise in the general venons pressure. 
Following the greater effect of the arterial fall, the cerebral venous 
pressure also falls. In the later stages of chloroform poisoning, as in 
asphyxia, there is a rapid rise in the cerebral pressure following the now 
greatly increased pressure in the right auricle. The general venous 
pressure rises because of the failure of the heart. In this case again as 
the pump ceases to act the arterial pressure falls to the mean and the 
venous pressure rises to the mean. Gaertner and Wagner found 
an increased flow of blood from the lateral sinuses during the stages 
of chloroform poisoning, this they ascribed to active dilatation of 
the cerebral vessels. We explain it on the other hand mechanically 
as due to the rise of general venous pressure consequent on the in- 
creasing cardiac paralysis. We have obtained no evidence of active 
dilatation of the cerebral vessels taking place during the inhalation of 
chloroform, 

Ether produces a slighter fall of arterial pressure and a slight rise of 
pressure in the right auricle. The cerebral venous pressure follows the 
greater effect of the arterial fall. 


7. COurare. By damaging the vaso-motor tone and increasing the 
capacity of the circulatory system the injection of curare causes a fall in 
all three pressures. 


8. Injections of acids, alkalies and brain extracts. Roy and Sher- 
rington write that the “intra-venous injection of free acid—sulphuric 
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or nitric or lactic were the acids chiefly used by us in small doses freely 
diluted with °75°/, salt sol. and injected slowly—produced in all our 
experiments on the subject, great and immediate expansion of the brain. 
The extent of the congestion resulting from the administration of 1—2 
minims of Acid Sulph. or Acid Nitric. sometimes approaches in intensity 
that produced by strychnia.” 

‘We have used lactic, hydrochloric, sulphuric and nitric acids in weak 
and strong solutions. We have injected these acids freely diluted with 
‘75°/, saline, and we have injected them scarcely diluted at all. We 
have injected them into the central end of the jugular vein and into the 
peripheral end of the carotid artery. We have found that if the injection 
is followed by convulsive and increased respiratory movements, as is often 
the case, the general venous pressure from purely mechanical causes 
rises, and the cerebral venous pressure or intra-cranial pressure passively 
follows this rise. Muscular movements compress the veins and diminish 
the total capacity of the circulatory system and produce the same effect 
as compression of the abdomen. 

Again if the contents of the circulatory system are increased by the 
injection of a quantity of saline sufficient to produce hydremia, then the 
general venous pressure rises and the cerebral venous pressure passively 
follows this rise. , 

We have been entirely unable to confirm the results that Roy and 


Fig. 7. A. Carotid Artery. 
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Sherrington obtained with acids and have not found the slightest 
evidence of active dilatation of the cerebral vessels, 

In Fig. 7 is shown the effect of injecting sulphuric acid. In this 
experiment 1°5 grm. of sulphuric acid diluted with saline were in- 
jected in successive doses until the death of the animal occurred. On 
injecting the contents of the first syringe there was practically no effect. 
On injecting the second a slight fall of arterial pressure followed with 
very slight convulsive movements and consequent slight rise of cerebral 
venous pressure. On injecting for the third time marked convulsive 
movements occurred, the arterial pressure fell and the cerebral venous 
pressure rose. This was owing to the effect of the muscular contractions 
on the general venous pressure and especially on the jugular veins. 

The injections of acids we found almost always caused a fall of 
_ arterial pressure, and lactic acid as has been previously noted by others 
seems to be especially apt to excite the respiratory centre. 

The injection of alkalies causes a fall in arterial pressure and the 
cerebral venous pressure passively follows this fall. On this point we 
confirm the results of Roy and Sherrington. 


Brain Extracts. Roy and Sherrington found that a saline extract 
_ of the brain produced’in the brain a marked expansion, when through a 
cannula tied in the submaxillary artery the extract was injected into the 
carotid artery. The brain of a dog taken four hours after death and 
rubbed up in a mortar with 250 c.c. of saline made the necessary extract. 
The filtrate from this extract was used and was found to be faintly acid. 
On injecting 3 c.c. of this extract “the brain expanded immediately so 
_ greatly that the point of the oncograph lever was rapidly carried off the | 
drum, there being no corresponding rise of either the arterial or venous 
-blood-pressures.” These authors concluded from this experiment “ that 
the chemical products of cerebral metabolism contained in the lymph 
which bathes the walls of the arterioles of the brain can cause variations 
of the calibre of the cerebral vessels; that in this reaction the brain 
_ possesses an intrinsic mechanism by which its vascular supply can be 
varied sooally in correspondence with local variations of functional 
activity.” 
We have prepared the extract of brain according to the method of 
Roy and Sherrington and have injected it both into the peripheral 
end of the carotid and into the central end of the external jugular vein. 
We have many times injected it and into many animals, in small doses _ 
and in large amounts, We have also injected a solution of the dry — 
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powdered grey matter of the brain prepared by Messrs. Willows, 
Francis and Butler. In no case have we been able to observe any 
active effect on the cerebral circulation or intra-cranial pressure. If a 
large amount of fluid is injected, or if convulsive movements are pro- 
duced, the cerebral venous pressure rises. Again if while making the 
injection into the peripheral end of the carotid, the veins of the neck 
- should be accidentally compressed, a marked rise of cerebral venous 
pressure occurs from simple mechanical reasons. 

‘If none of these contingencies arise the effect of injecting brain 
extract is nil. In our hands therefore neither acids nor brain extracts 
have yielded any active results on the cerebral circulation, and we have 
been unable to find evidence of any such local vaso-motor mechanism in 
the brain as has been indicated by Roy and Sherrington. 


9. Epileptic fits. In an uncurarised animal an epileptic fit ied 
by excitation of the cortex | 
owing to its convulsive move- 
ments produces a rise in general 
venous pressure. The cerebral 
venous pressure follows this 
rise. During the course of the 
fit the arterial pressure may 
both fall and rise. In the 
curarised animal the arterial 
pressure rises to a high degree, 
and the cerebral venous pres- 
sure follows this rise. 


10. Absinthe. On inject- 
ing absinthe into the curarised 
animal a succession of intense 
spasms of the arterioles ensues, 
general venous pressure re- 
mains practically unaltered, 
and intra-cranial or cerebral 
venous pressure follows exactly 
the arterial trace (Fig. 8). 


Strychnine. During the 


strychnine spasms arterial pres- Mig. Flerophill. 
sure rises enormously, cerebral ‘Intra-cranial pressure. 
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venous or intra-cranial pressure follows this enormous rise, and that of 
the general venous pressure which also rises largely owing to the 
convulsive movements (Fig. 9). Roy and Sherrington found great 
expansion of the brain, and Gaertner and Wagner a great increase 
in cerebral venous flow during strychnine spasms. 


11. Swpra-renal extract. Oliver and Schafer have demonstrated 
the tremendous effect which an extract of the medulla of the supra-renal 
gland has on the arterioles and they have proved that the extract acts on 
the muscular walls of the vessels, for it is not lessened by section of the 
spinal cord or vaso-motor nerves. On the suggestion of Prof. Schafer 
we have employed the supra-renal extract in a final effort to obtain 
constriction of the cerebral vessels. 

On injecting supra-renal extract the arterial pressure rises greatly, 
the general venous pressure also rises, and the cerebral venous pressure 
passively follows the rise in the general pressures. 

In order to eliminate the overwhelming effect of the splanchnic con- 
striction we have attempted to tie the aorta and inferior vena cava, and 
so restrict the circulation to the upper part of the body. 

In ten successive experiments on cats and dogs, ligaturing the arch 
of the aorta just beyond the left innominate artery has proved fatal in 
the course of a few minutes, although the vena cava inferior was tied 
immediately afterwards. The heart passed into delirium cordis. If the 
vena cava inferior was not tied, death resulted still more rapidly. We 
take the opportunity of recording this fact, which requires further in- 
vestigation in the future. 

In four animals we have ligatured the aorta just above the diaphragm, 
and also the vena cava inferior, and the result has not been a fatal one. 
In these four experiments we have been unable to obtain any decided 
evidence of constriction in the cerebral vessels. On injecting the extract, 
the arterial rise is much smaller, but the cerebral venous pressure or 
intra-cranial pressure still passively follows this rise. 

There is undoubtedly muscular tissue in the vessels of the pia-mater, 
and it may well be asked—why is there muscle present, if it does not 
constrict ? 

We at any rate are assured that if there is constriction, it is overcome 
passively by any rise in the general pressures. The splanchnic area is 
predominant, and functionally the muscle of the cerebral vessels appears 
to be of no importance. The muscle may be a vestigial structure, or it 
may be a supporting structure capable of slight constriction, but as far 
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as the principles of the cerebral circulation are in question it may be 
neglected. 


CONCLUSIONS. 


Such being our experimental results it now remains for us to 
attempt to answer the questions which at the beginning of this. — 
we set before ourselves to solve. 

We find that the volume of the brain is in the closed 
cranium almost an invariable quantity and agree with the 
doctrine of the younger Monro whom we have already quoted. This 
conclusion follows on the results of researches (Hill) on intra-cranial 
pressure. Ifa foreign body be introduced into the sub-dural space in 
the parietal region of a dog, complete compensation only takes place to 
the extent of 2-3 c.c.; that is to say a foreign body 2—3 c.c, in volume 
can be introduced without raising the intra-cranial pressure or affecting 
the cerebral circulation. 

The compensatory mechanism is provided for by the exit of the 
small quantity of cerebro-spinal fluid which lies in the ventricles and 
in the arachnoidal spaces at the base of the brain. This fluid passes 
out into the vertebral canal. 

If the foreign body be of greater volume than 2~3 c.c., the venous 
sinuses are compressed, the cerebral capillaries are obliterated, the 
intra-cranial pressure rises, and the cerebral circulation is disordered. 

Similarly when the arterial pressure rises, the expansion in cerebral 
volume can take place only to an insignificant amount. For as soon as 
the cerebro-spinal fluid has been driven out from the cranium, the 
brain is everywhere in contact with the rigid wall of the skull, while 
the foramen magnum is blocked by the descent of the pons and 
cerebellum. 

Any further expansion of the arteries and capillaries can now alone 
take place by an equivalent compression of the venous sinuses, for the 
semi-fluid brain matter is practically incompressible. 

The reservoirs of blood in the sinuses will therefore be so far 
emptied, until the intra-cranial pressure and the cerebral venous 
pressure are again equalised, and then the whole circulatory system of 
the brain will have assimilated itself to a scheme of rigid tubes, Thus 
the velocity of the blood-flow will be increased and the relative dis- 
tribution of the blood in the arteries, vases and veins will be 


changed. 
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A rise of arterial pressure does not by any means—through com- 
pression of the cerebral capillaries—produce an anemia of the brain, 
but rather it causes an increased velocity of the current. 

Gaertner and Wagner found that this was so in experiments on 
the outflow of blood from the lateral sinuses, and their results have 
been lately confirmed by Hill and Nabarro in a research on the 
exchange of gases in the brain. We found that during the intense 
vaso-motor spasms produced by absinthe, the outflow of blood from the 
torcula Herophili increased twice to six times. 

It was Grashey who enunciated the doctrine that the intra- 
cranial pressure depends in origin on the tension of the cerebral 
arteries and that consequently a high pressure in these arteries must 


lead to decrease in the amount of blood flowing through the brain. 


Geigel went so far as to declare that every expansion of the cerebral 
arteries causes an anemia and every constriction a hyperemia of the 
brain. This view cannot be accepted. The intra-cranial pressure has 
been found by us in all physiological conditions, to be the same as the 
cerebral venous pressure. It does not depend directly on the tension of 
the cerebral arteries, but is an expression of the tension of the cerebral 
capillaries and veins. 

The intra-cranial pressure is in fact that tension which ~ 
remains after the force of the heart has been expended in 
driving the blood through the cerebral arterioles. It is 
therefore the same as the pressure in the venous sinuses. 

If the intra-cranial pressure becomes pathologically greater than — 
the pressure in. the venous sinuses, the cerebral circulation is dis- 
ordered. This is what has been found experimentally (Hill). 

On introducing foreign bodies of a larger volume than 2-3 c.c. 
within the cranium of a small dog, the venous sinuses and capillaries 
are compressed and as the capillaries are obliterated the intra-cranial 
pressure rises to the arteriole tension, and to the arterial tension as the 
arterioles are obliterated. It must be borne in mind that the cerebro- 
spinal fluid is not a secretion, that is to say in the same sense as the 
saliva which is poured out at a bigher tension than the arterial 
pressure. In all physiological conditions the tension of the cerebro- 
spinal fluid is the same as the pressure in the venous sinuses. One of 
us (Hill) has found that normal saline can be driven through any part 
of the dura mater by a pressure of 10-20 mm. Hg. At this pressure 
the fluid like beads of sweat exudes through the membrane from 
numberless pores. The sinuses at the base of the skull are roofed 
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over by very thin and tense dura mater, and filtration here takes place 
at a still lower pressure. When saline coloured with methyl blue is 
driven into the subdural space the blue rapidly passes into the blood, 
and these basal sinuses are found to be most intensely coloured. From 
these facts it is clear that the cerebro-spinal fluid cannot be secreted at 
& pressure much above that of the venous sinuses, and physiologically 
it is never found to be so. 

If we now turn to the consideration of the cerebral effects of a fall 
of arterial pressure, we again reach the conclusion that the volume 
of the brain is almost an invariable quantity. So long as the cranium 
is closed to atmospheric pressure, the blood vessels of the brain cannot 
empty unless cerebro-spinal fluid pass into the skull in equivalent | 
amounts. One of us (Hill) has investigated this point. If the spinal 
cord be divided in the upper dorsal region, and the animal be placed in 
the vertical feet down position, the intra-cranial or cerebral venous 
pressure is from the influence of gravity and’ the vaso-motor paralysis 
of the splanchnic area reduced to its lowest point. 

If the animal be now trephined in the parietal region, there is 
no evidence of any marked increase of cerebro-spinal fluid within the 
cranium, but the brain under the atmospheric pressure immediately 
collapses for the cerebral capillary pressure has in these conditions 
fallen below that of a column of blood reaching from the heart to the 
brain. It seems indeed highly probable that the secretion of cerebro- 
spinal fluid entirely depends on the cerebro-capillary pressure. When 
the capillary pressure rises in the central nervous system, the cerebro- 
spinal fluid presses against the soft parts of the walls of the vertebral 
canal, and room for increased transudation of fluid may thus be found. 
On the other hand when the capillary. pressure falls, the elastic rebound 
of the walls of the canal will come into play, and fluid will tend to pass 
into the venous sinuses either by means of the Pacchionian bodies or 
directly through the dura mater. Other modes of exit exist such as 
the root sheaths of the nerves. Key and Retzius injected these from 
the arachnoid space. These however are subsidiary channels, for saline 
coloured with methyl blue, and driven into the cranium passes into 
the blood far more rapidly than into the lymphatic system. 

Naunyn and Falkenheim found that, when tapped off from 
the vertebral canal of the dog, in twenty-four hours were secreted 
36-240 ¢.c. of cerebro-spinal fluid. They also found that injection of 
saline into the venous system increased the amount of secretion by 50 p. c. 

If the above opinions are correct it would follow that any patho- 
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logical obstruction of the cerebral veins would lead to increased 


secretion of cerebro-spinal fluid. For example if by some pathological 
condition the veins of Galen be compressed, the pressure in the 
capillaries of the choroidal plexuses would rise to that of the arteries, 
the vascular walls would be damaged and increased transudation of 
cerebro-spinal fluid into the ventricles would follow. Similarly any lack 
of normal rigidity in the walls of the cranium or vertebral canal might 
permit increased transudation of cerebro-spinal fluid. The pathology 
of meningocele, spina bifida, etc. may thus find an. explanation, but on 
these points further investigations are needed. 

There is undoubtedly a certain tidal amount of cerebro-spinal fluid 
which sets in and out of the cranium with the fall and rise of the 
cerebral blood-pressure. This amount is however very small. The. 
essential function of the cerebro-spinal fluid is probably that of a water 
cushion for the spinal cord. It has not the important duty which has 
been attributed to it, for it is entirely insufficient in quantity to keep 
the intra-cranial pressure constantly yielding to the expansion of the 
brain, Thus during the large rise of arterial pressure that occurs 
in the spasms of strychnia and absinthe, we have recorded a rise of 
intra-cranial pressure from some few millimetres to fifty or sixty 
millimetres of mercury. These experiments prove that there is no 
compensatory mechanism by which the brain matter can be protected 
from great changes of circulatory pressure. Men remain conscious 
in the spasms of strychnia, when the intra-cranial pressure must be 
equal to some 50—60 mm. Hg. On the other hand one of us (Hill) 
found that the intra-cranial pressure was slightly below zero in a 
patient, when standing upright, the influence of gravity on the 
circulation being at its greatest. This patient had been trephined 
by Dr Claye Shaw for symptoms of lunacy. It is therefore clear that 
the functions of the brain can continue at any circulatory pressure 
varying from below zero to 50—60 mm, Hg. 

It may be as well to here insist again that in all physiological con- 
ditions the intra-cranial pressure is entirely circulatory in origin, and 
that the flow of blood is greatly accelerated in absinthe and strychnine 
spasms. Intra-cranial pressure produced by a foreign body blocking 
the venous exits and diminishing the blood flow has an entirely different 
effect on the brain, That is to say the cerebral matter does not suffer 
from pressure, but from anemia. Turning to the question of the 
existence of vaso-motor nerves, we are convinced from our experiments 
that the cerebral vessels are free from any such control. Under every 
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condition of experiment, the cerebral circulation passively follows the 
changes in the general circulation. We have reached the same general 
conclusion as Roy and Sherrington, and have by our records of the 
general venous pressure explained some results obtained by these 
authors and by Dean which were in a contrary sense. 

We have been unable to find any evidence of the local vaso-motor 
mechanism which Roy and Sherrington sought to establish on the 
grounds of experimental results which followed in asphyxia and after 
injection of acids and brain extract. These results we have been 
entirely unable to confirm. The cerebral circulation passively follows 
every change in the general circulation. Every change in the position 
of an animal from the influence of gravity on the vascular system 
affects the cerebral circulation. Every variation in respiration, and 
every muscular movement is followed by passive changes in the 
circulation of the brain. | 

Every heart-beat and every respiratory undulation is exhibited on 
the tracings of the cerebral venous or intra-cranial pressures. Com- 
pression of the jugulars or of the abdomen causes a marked rise in 
cerebral venous pressure, and muscular movements of the neck, by 
pressure on the jugular veins, are sufficient to affect the cerebral 
circulation. Every stimulus that attacks the organism, and affects the 
general vaso-motor system, produces a passive effect on the cerebral 
circulation. Each pleasurable emotion raises the general blood-pres- 
sure and increases the blood flow through the brain, and each painful 
emotion brings about the opposite result. 

_ It is by means of the splanchnic area that the blood supply to the 
brain is controlled. The overwhelming importance of the splanchnic 
mechanism in maintaining the circulation and life has been especially 
shown by the influence of gravity on the circulation, By abolishing 
the splanchnic control and placing the animal vertically feet down, 
the circulation of the brain ceases and the animal dies. An anemia of 
the central nervous system excites the vaso-motor centre, and if the 
splanchnic vessels constrict the blood-pressure rises, and more blood is | 
driven through the brain. The same result is produced by asphyxia. 
As Roy and Sherrington pointed out, we have in the vaso-motor 
centre a protective mechanism, by which blood can be drawn at need 
from the abdomen and supplied to the brain. At the moment that 
excitation from the outside world demands cerebral response, the 
splanchnic area constricts and more blood is driven through the brain. 
On the other hand after the taking of food, the abdominal vessels dilate, 
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the brain circulation is slow, and the organism is unwilling to respond. 
The low cerebral metabolism that has been found by one of us (Hill) 
and Nabarro helps to explain how the brain can functionate with. 80 
varying a blood supply. ; 

To sum up we are in a position to state that the brain has no 
direct vaso-motor mechanism, but that its blood supply 
can be controlled indirectly by the vaso-motor centre acting 
on the splanchnic area. 

The vaso-motor centre is part of the central nervous system, and 
feels the same needs, and is stimulated by the same centripetal im- 
pulses as affect the rest of that system, and thus it maintains a supply 
of blood to the central nervous system whiff corresponds to its func- 
tional activity. We have by experimental methods reached the same 
conclusions as those Lewy has obtained by an exhaustive mathe- 
matical examination of the conditions of the cerebral circulation. In 
the brain as in other organs of the body arterial dilatation will increase 
and arterial constriction diminish the blood flow. (But the dilatation 
and constriction are always passive there.) Venous obstruction pro- 
duces anzemia.. Any acute compression of the brain such as that which 
would be caused by the presence of a foreign body, produces anemia. 
Extensive inflammation and dilatation of the cerebral vessels in any 
particular part, will tend to produce anemia of other parts. Extensive 
blocking of the capillaries in any part will also, whenever the arterial 
pressure rises, tend to produce anzmia in other parts of the brain. 

In both these cases arteriole or arterial pressure will be manifest in 
the injured part of the brain, and this will overcome the capillary 
pressure in other parts and produce angzmia, for in the closed cranium 
filled with the semi-fluid brain matter, pressure is transmitted in all 
directions equally. Thus pathologically in the brain situated as it is in 
the closed box of the skull, a circulus vitiosus may be established, for 
either extensive inflammation or obliteration of capillaries will lead to 
anemia of the rest of that organ. 

It is important to note that the spinal bulb is partially protected from 
severe intra-cranial pressure, by the descent of the base of the brain into 
the foramen magnum. It thus comes about that the bulb lies in the upper 
part of the vertebral canal, and is cut off from intra-cranial pressure by 
the. blocking of the foramen magnum. It seems possible that the 
circulation may yet continue through the bulb after it may have been | 
brought to a stop in thé brain by any pathological araneeesee —s 
increased intra-cranial pressure. 
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On the above grounds we cannot agree with Roy and Sherrington 
that the rise of blood-pressure in pathological conditions of increased 
intra-cranial pressure is protective in function. For it does not, as 
these authors affirm, help to maintain the cerebral circulation. If a 
large area of cerebral capillaries be obliterated by a foreign body as in 
cases of hemorrhage, a rise of arterial pressure will not only increase 
the hemorrhage, but will cause progressive anemia of other parts of 
the brain. 

In our opinion the old method of producing low arterial tension by 
depletion and purgation is the right treatment in these pathological 
cases of increased intra-cranial pressure, : 


SUMMARY. 


Method. The simultaneous record of general arterial pressure, 
general venous pressure, intra-cranial pressure, and cerebral venous 
pressure. 


Experimental results. 


1. No evidence has been found of the existence of caceheal vaso- 
_ motor nerves; either by means of stimulation of the vaso-motor centre 
or central and of the spinal cord, after division of the cord in the upper 
doreall region ; or by stimulation of the stellate ganglion, and that is to 
say the whole sympathetic supply to the carotid and vertebral arteries. 

2. Evidence is not forthcoming of the existence of any local vaso- 
motor mechanism such as. that indicated by Roy and Sherrington. 
The injection of acids and extract of brain have produced in our hands 
no active dilatation of the cerebral vessels. 

3. -In every experimental condition we find that the cerebral circu- 
lation passively follows the changes in the general csr, and venous 
pressures. 

4, The intra-cranial pressure is in all ph ysiological Seiliioed the 
same as the cerebral venous pressure. .— 

5. The volume of the brain is practically invariable. 

6. There is no compensatory mechanism by which the intra-cranial 
pressure is kept constant. The intra-cranial pressure, which in all 
physiological conditions is circulatory in origin, may vary with the 
circulatory pressure from zero to 50-60 mm. Hg. The functions of the 
brain matter continue in this varying condition of pressure. 
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7. In all physiological conditions a rise of arterial pressure accele- 
rates the flow of blood through the brain, and a fall slackens it. 

8. In pathological conditions where there is occlusion or inflamma- 
tory dilatation of large capillary areas in the brain, the opposite effects 
occur. In these conditions a rise of arterial pressure diminishes the 
cerebral blood flow and a fall accelerates it. 

9. Any foreign body in the cranial cavity will obliterate capillaries, 
raise the intra-cranial pressure, and produce cerebral anzemia. 

10. The brain matter does not suffer from pressure alone, but from 
pressure producing anzemia. 

11. The rise of arterial pressure that occurs in pathological condi- 
tions of increased intra-cranial pressure, is not protective but tends to 
increase the extent of the cerebral anzemia. 

12. The right direction of treatment therefore in such conditions is 
to lower the blood-pressure, 
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Part II. By G. Lovett GuLianp. 


ABOUT two years ago, I began, at Dr Batty Tuke’s suggestion, to 
examine the question as to whether there were or were not vaso-motor 
nerves in the brain, or, to speak more exactly, whether it was possible to 
demonstrate nerve-fibrils in the walls of the intra-cranial blood vessels. 
The results I obtained then, and on the subsequent occasions when I 
examined the matter, were entirely negative. In view of the experi- 
mental results obtained by Hill and Bayliss it is perhaps worth while 
to put my histological observations on record. 

The methods I employed were the usual Golgi methods with various 
modifications and Ehrlich’s methylene-blue method, The brains ex- 
amined were those of cats and rabbits, adult, young and embryonic, and 
a number of human brains obtained as fresh as possible from the post- 
mortem room. 

As regards the Golgi methods, in some cases the brains were ex- 
amined by sections cut either with the free hand, by freezing, or under 
alcohol in a microtome after superficial enclosure in paraffin. In other 
cases portions of the pia mater were stripped off and a number of intra- 
cerebral vessels were of course pulled out with them. These portions 
of pia mater were rolled up as Cajal recommends in the case of the 
retina, and impregnated as usual. In addition to the ordinary osmium 
and bichromate of potash mixture used for hardening in the rapid 
process, I have tried Berkley’s mixture, and a number of others such as 
solutions containing bichromate and chromic acid in varying proportions, 
Flemming’s solution, Erlicki’s fluid, Kultschitzky’s solution, &c. 
In order to avoid, if possible, the precipitate of chromate of silver on 
the surface,—of the pia mater especially—I have tried the addition of 
formic acid to the silver solution, and also Lehrwald’s plan of super- 
ficial enclosure in gelatine before the silver bath. Neither of these 
methods were, in my hands, of any use at all, and I got the best resutts, 
in this respect, from rapidly washing the pieces of tissue in distilled 
water, after they had been removed from the bichromate solution, and 
then rinsing them in } p.c. nitrate of silver solution, renewed several 
times, before putting them definitely into the silver bath. This, in my 
opinion, is best used of # p.c. strength. 

It has been known empirically for some time that nerve-fibres were 
often impregnated alone in those pieces of tissue which had remained 
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for several days in the bichromate solution, and Ramon y Cajal’ has 
recently pointed out that this is due to overhardening. Berkley’ 
utilized the fact in his work on nerve-fibres in the liver by hardening, 
after treatment with picric acid, in a fluid rich in bichromate and osmic 
acid for a relatively long time, and by hastening the process by heat. 
His method does very well for such tissues as the liver, and I have found 
it show vascular nerves beautifully in the bladder, for example. The 
cerebrum becomes too brittle however and the sections fall to pieces very 
readily. I have varied the time of hardening with all the solutions I 
have mentioned. Golgi’s and Cox’s sublimate methods were also 


tried. 


The methylene blue was used generally in the proportion of 1 to 1000 
of salt solution. As it was of importance to see as much of the process 
of impregnation as possible I did not inject the methylene blue into the 
blood vessels, but immersed small portions of pia mater or of the cere- 
bral: vessels in the solution, and watched the process under the micro- 
scope. I used the cornea and iris in all cases as a control and had no 
difficulty in staining the nerve-fibrils i in them in this way, nor in fixing 
them with picrate of ammonium. . 

The net result of all these observations was that neither by the silver, 
the mercury, nor the methylene blue method could I succeed in demon- 
strating any nerve-fibres in the walls of the pial vessels nor of the intra- 
cerebral vessels, | 

In the Golgi preparations the blood vessels, especially the smaller 
ones, are often impregnated as a whole, and sometimes a partial impreg- 
nation of this sort gives an appearance like a nerve plexus. Again in 
the larger vessels especially, the longitudinal network of elastic fibres is _ 


_ often. impregnated, but it is quite easy to distinguish this from the 


nerve plexus of ordinary arteries, The processes of neuroglia cells 
attached to an artery and running along it as they often do, for a 
little way, might also give rise to error. 


1 Les nouvelles ides s sur la structure du systéme nerveux. Paris. 1894. p. 183. 
2 «* Studies in the histology of the liver.” - Anat. Anz. vii. 1893. 
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THE EFFECT OF VARIATIONS IN EXTERNAL TEM- 
PERATURE UPON THE OUTPUT OF CARBONIC 
ACID AND THE TEMPERATURE OF YOUNG 
ANIMALS. By M.S. PEMBREY, M.A, M.D., Lecturer on 
Physiology, Charing Cross Hospital Medical School. 


(From the Laboratory, Oxford.) 


For many years it has been known that.infants and.young animals 
born in an immature condition cannot maintain the temperature of 
their bodies at the normal height. of the temperature of the adult; 
they need some accessory source of heat, such as the warmth of the 
parent's body. 

The absence of the power of heat regulation i in these cases is Jaa to 
the imperfect development of one or both of those capacities whereby 
an-adult animal maintains its temperature at a fairly constant level. 
In many cases, when the animal is born naked, there is no special pro- 
tection from excessive loss of heat from the skin, but at the same time 
the nervous regulation of loss and production of heat is also imperfect. 


The gradual development of the power of regulation in these young 


animals can be followed by observing the effect of changes in the 
external temperature upon the temperature of the animal and its 
output of carbonic acid. This method was adopted in the research 


- which forms the subject of this paper. The record of the animal’s 


temperature shows how far the temperature was maintained ; the output 
of carbonic acid is a Ria eps it may be not an exact one, of the heat 
Method. In these the acid was ‘estimated - 
gravimetrically by the same method as that used in my previous 
researches. The temperature of the respiration chamber, in. which the. 
animal was placed, could be rapidly changed by warm or cold. water; 
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in this way a variation of ten degrees or more could be produced in one 
or two minutes. 

The determinations of the carbonic acid are accurate to two deci- 
milligrams, Further details and test-experiments are given in the 
papers mentioned below’. 

In the preliminary experiments the temperature of the animal was 
not observed on account of the want of a suitable thermometer. In 
the later experiments the temperature was taken by placing the bulb 
of a delicate thermometer in the rectum and leaving it until the 
mercury became stationary. With such small animals as young mice 
and rats the temperature was only roughly measured by covering the 
bulb of the thermometer with the bodies of two or three young animals, 
or by placing it in the groin when the animals were bigger. 


Eaperiments with Mice. 


In a previous paper? it has been shown that an adult mouse is 
able to rapidly increase or diminish its production of carbonic acid and 
therefore of heat. Within two minutes of a fall in external tem- 
perature from 30° to 18° the mouse increases its output of carbonic acid 


by 74 per cent. The response to a rise in temperature is much less 


rapid; within two minutes of a rise from 18° to 34°5° the decrease in 
carbonic acid is 18 per cent. The relationship between muscular 
activity and the production of heat is well shown; in cold surroundings 
the mouse is very active, whereas with a warm temperature it is quiet 
and often goes to sleep. The regulation by loss of heat is as clearly 
shown ; in the cases of low external temperature the pale condition of 
the nose, ears and feet show that the cutaneous vessels are contracted, 
whereas when the surroundings are warm, these parts | are flushed with 
blood and sweating may occur. 

The effects of changes of external temperature upon the output of 
carbonic acid and the temperature of an adult mouse are shown by the 
following examples : 


Full grown Black and White Mouse, No.1. 27. iii. 93. The mouse was 
in the ventilated chamber, water-bath = 9°5°, for about 15 minutes before. the 
first period. Consecutive periods of 10 minutes. 


1 Haldane and Pembrey. Phil. Mag., April 1890; Pembrey. This Journal, xv 
401, 1893, and xviz. 331, 1894. 
2 Pembrey. This Journal, xv. 401, 1893. 
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Remarks 
9-5° 315 Mouse active. 
9-5 277 
9-5 250 Mouse quiet. 
9-75 240 
9-75 209 
29 150 ” ” 
30 116 ” ” 
29 | 110 
30 103 Wi 
10°5 225 Mouse active. 
247 Mouse quiet. 
10°5 185 Mouse active. 


365 


Full grown black-and-white Mouse, No. 2. 29. vii. 93. The mouse was 
in the ventilated chamber, water-bath = 31°, for 50 minutes before the first 


period. Consecutive periods of 2 minutes. 


Temp. of CO, discharged 

water-bath in decimgrms. Remarks 
30° Mouse quiet. 
29 20 Mouse apparently asleep. 
30 23 ” 
18 . 40 Mouse active. 
18 60 Mouse quiet. 
18 66 Mouse active. 
18 54 Mouse quiet. 


The following experiments show that the variations in the external — 
temperature produce very little effect upon the internal temperature of 


the adult animal. 


I. At the beginning of the experiment the rectal temperature 
After the mouse had been in the ventilated chamber, water- 
bath = 16°5°, for 30 minutes 
After the mouse had been in the ventilated chamber, water- 
bath = 29°5°, for 1 hour 
II. At the beginning of the experiment the rectal temperature 
After the mouse had been in the ventilated chamber, water- 
bath = 32°5°, for 1} hours 
IfI. At the beginning of the experiment the rectal temperature 
After the mouse had been in the ventilated chamber, water- 
bath = 20°, for 1 hour 


XVIII, 


= 35° 
= 36° 


= 35° 
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= 37°5° 
= 36° 
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These experiments prove that in the adult mouse the power of 
regulating temperature is very highly developed. The increase in the 
production of carbonic acid is very marked and takes place very rapidly 
when the animal is exposed to a low temperature. The development 


of this power of regulation can be followed in the case of the young 


mouse, as the following results will show: 


Three young Mice, 1 day old. 13. vii. 95. A thermometer, the bulb being 
covered by the bodies of the young mice, stood at 32° when the mice were 
taken from the nest immediately before the beginning of the experiment. 
The mice were in the ventilated chamber, water-bath = 33°, for 20 minutes 
before the first period. Consecutive periods of 20 minutes. 


Temp. of .CO, discharged 
water-bath in decimgrms. | Renarks 
33° 153 Mice slightly active. 
33 115 _ Mice quiet. 
23 7 127 | Mice extremely active for 
about 10 minutes. 
23 83 Mice quiet. 


At the end of the experiment the temperature of the mice taken in the 
same way as before was 23°. 


Three young Mice about 8 days old. 28. ix. 94. The mice were in the 


ventilated chamber, water-bath = 30°, for 20 minutes before the first period. 
Consecutive periods of 15 minutes. 


Temp. of discharged 
ina 


water-bath ecimgrms. Remarks 
29° 133 Mice active at times. 
29 141 is = 
30 150 ” 
20 131 Mice very active at first, then quiet. 
20 72 Mice quiet. 


It will be seen from these experiments and those given in the 
Appendix that the fall in the temperature of the surroundings caused 
a decrease in the output of carbonic acid and a fall in the temperature 
of the animal. The effect was not an immediate one, but showed 
itself in about fifteen minutes. Within thirty minutes of the fall in 
external, temperature the discharge of carbonic acid was diminished to 
almost one half its previous value. 

It was possible that the mice at this early age might respond for 
higher temperatures in a manner somewhat similar to that seen in 
adult animals. With this view the following experiments were made. 
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Three young Mice, 2 days old. 14. vii. 95. The temperature of the mice 
was 31°5° when they were taken from the nest immediately before the begin- 
ning of the experiment. The mice were in the ventilated chamber, water- 
bath = 30°, for 15 minutes before the first period. Consecutive — of 
15 minutes. 


30° 130 Mice very quiet. 
30 132 
40 98 Mice very antive, apparently uncomfortable. 
40 77 99 


The temperature of the mice was 37° at the end of the ape The 
total weight of the mice was 7 grms, 


This experiment shows that a rise in external temperature from 30° 
to 40° reduces the discharge of carbonic acid to about one half its 
previous value and raises the temperature of the animals. In the next 
experiment the temperature of the water-bath after being kept at 40° 
for 45 minutes was lowered to 30°, and the results show that the effect 
of the high temperature _— the output of carbonic acid persists for 
some time. 


Three young Mice, 3 days old. 15, vii. 95. The temperature of the mice 
was 31°5° when they were taken from the nest immediately before the experi- 
ment. The mice were in the ventilated chamber, water-bath = 30°, for 20 
minutes before the first period. Consecutive periods of 15 minutes. 


water-bath in decimgrms, Remarks 
30° 139 Mice very quiet. 
30 148 Mice active at times. 
40. 101 Mice quiet. 
40 87 Mice very active at times. 
40 83 Mice active at times. 
30 78 Mice very quiet. 
30 17 ” 


The temperature of the mice was 29°5° at the end of the experiment. 


These results demonstrate that the mice at this early age, when 
they are naked, blind and unable to run about, cannot maintain a 
constant temperature, cannot regulate their production of heat for low 
temperatures. When, however, the mice are about eight days old, 
they have a protecting coat of fur and, although still blind, they 
are much more active. The following experiments show that at this 
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stage the mice give evidence of the power of regulation for the lower 
temperature: a fall in external temperature from 30° to 20° at first 
produces an increase in the amount of carbonic acid and then the 
animals appear to pass into a neutral condition, the amount of carbonic 
acid being about the same as that before the fall in temperature. 


Three young Mice about 8 days old. 3.x. 94. The mice were in the ven- 
tilated chamber, water-bath = 30°, for 25 minutes before the first period. 
Consecutive periods of 15 minutes. 


Temp. of CO, discharged 


water-bath in ‘decimgrms. Remarks 
30° 266 Mice active at times. 
30 253 ” ” 
20 301 Mice very active. 
1975 - 277 Mice quiet. 
19°25 271 Mice active. 


When about ten days old the mice have marked power of regulating 
their temperature. A fall of ten degrees in external temperature 
raised within fifteen minutes the discharge of carbonic acid to almost 


three times its previous value; the temperature of the animal fell only 
a few tenths of a degree. 


Young Mouse, 10 days old. 22. vii. 95. A thermometer, the bulb being 
covered in the groin, stood at 33° at the beginning of the experiment. The 
mouse was in the ventilated chamber, water-bath = 33° , for 15 minutes before 
the first period. Consecutive periods of 15 minutes. 


Temp. of co discharged 
in decimgrms. 


water-bath Remarks 
33° 64 Mouse goes to sleep. 
33 51 Mouse asleep. 
22°5 141 Mouse very active. 
22 165 Mouse actively washing itself. 


The temperature of the mouse, taken as before, was 32:25° at the end of 


_ the experiment. 


Experiments with Chicks and Pigeons. 
With the assistance of my pupils Messrs Gordon and Warren I 


have shown that the chick during its development passes first through 


a cold-blooded and then through an apparently neutral stage, but that 
when it is hatched it reacts as a warm-blooded animal to changes of 
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~ external temperature. The following results of experiments may be 
reproduced *. 


Egg M, on the 16th day of Incubation. The egg was taken from the 
incubator (T. = 394°), placed in the respiration chamber and water-bath (40°), 
and the ventilation continued for 30 minutes before the first period. Con- 
secutive periods of 30 minutes. 


Temp. of water-bath 40° 40 255 255 25 415 41 
CO, discharged in decimgrms. 166 152 140 75 66 60 166 


The next experiment shows the so-called neutral stage. It will be 
seen that a rise or fall of 14 degrees in temperature had no marked 
effect upon the discharge of carbonic acid. 


Egg IV, on the 21st day of Incubation. At the beginning of the experi- 
ment there was a hole, about 1 cm. square, in the egg; the chick could be seen 
moving about; it also put its beak out of the hole. The egg was taken from 
the incubator, placed in the chamber, water-bath = 37°, and the ventilation 
continued for 17 minutes before the first period. Consecutive’ periods of 
15 minutes. 

Temp. of water-bath 37°5° 38 24 24 386 387°5 38 38°25 385 24 2% 
125 120 127 146 158 147° 151° 169° 145 


The next experiment is one upon a recently hatched chick. 


Experiment upon 1st day Chick from Egg 11. The chick was placed in 
the chamber, water-bath = 37°5°, and the ventilation was continued for 35 
minutes before the first period. Consecutive periods of 15 minutes. 


Temp. of CO, discharged 
bath in decimgrms. 


water- Remarks 
37°75° 165 Chick quiet. 
37°75 138 
17 322 Chick active, chirping. 
17 309 


The weight of the chick was 35 grms. 


The chick directly it is hatched possesses great control over its 
muscles; it is able to run about, feed itself and perform other com- 
plicated movements. Pigeons, however, when hatched are blind, naked 
and helpless; one of the parent birds is constantly sitting over the 
squab and feeds it. On account of this immaturity young pigeons 


1 This Journal, xvu. 331, 1894. 2 Mean of three periods. 
® Mean of two periods. 
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were selected for the study of the development of the power of heat 
regulation in birds. 


Young Pigeon (I) 1 day old. 1. viii. 94. The pigeon was in the venti- 
lated chamber, water-bath = 38°5°, for 25 minutes before the first period. 
Consecutive periods of 15 minutes. 


Temp. of 00, discharged 
ser in decimgrms, 


water-bath Remarks 
36° 79 Pigeon slightly active. 
70 
36 Pigeon quiet. 
22 ee Pigeon active at first, then quiet. 
21°5 25 Pigeon quiet. 


Young Pigeon (I) 3 days old. 3. viii. 94. The pigeon was in the venti- 
lated chamber, water-bath = 35°, for 28 minutes before the first period. Con- 
secutive periods of 15 minutes. 


34:5° 127 Pigeon slightly active. 
33 95 Pigeon quiet. 
33°5 102 
32°5 136 
21 78 Pigeon slightly active. 
20°5 36 ” ” ” 
32 43 Pigeon quiet. 
34 71 ” ” 
32 92 


Young Pigeon (B) 3—4 days old. 7. vii. 95. The rectal temperature was 
37° at the beginning of the experiment. The pigeon was in the ventilated 
chamber, water-bath = 37°, for 45 minutes before the first period. Consecu- 
tive periods of 15 minutes. 


Temp. of CO, discharged 
in decimgrms. Remarks 


water-bath 
37°5° 432 Pigeon fairly quiet. 
37°5 411 
27 438 
26°5 407 Pigeon quiet. 
26 365 
25°5 247 


The rectal temperature at the end of the experiment was 29°C. The 
weight of the pigeon was 50°8 grms. 
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Young Pigeon (D) 7 days old. 19. vii. 95. The rectal temperature was 
37° at the beginning of the experiment. The pigeon was in the ventilated 
chamber, water-bath = 30°, for 20 minutes before the first period. Consecu- 
tive periods of 10 minutes. 


Remarks 
30° 683 Pigeon active at times. 
30 650 ” ” 
31 583 Pigeon quiet. 
20 639 Pigeon active at times. | 
20 493 Pigeon quiet ; its skin looks blue. 
20°5 354 


” ” 


The rectal temperature was 26°5° at the end of the experiment. 


It will be seen from these experiments and others given in the 
Appendix that a young pigeon a few days old cannot regulate its 
temperature. A fall in external temperature causes a fall in the 
discharge of carbonic acid and in the temperature of the bird. 

As in the case of the young mice the effect of higher temperature 
was also tried. The experiments show that a rise in external tem- 
perature to 40° diminishes the output of carbonic acid but raises the 
temperature of the body. 


Young Pigeon (C) 5 days old. 12. vii. 95. The rectal temperature was 
38° at the beginning of the experiment. The pigeon was in the ventilated 
chamber, water-bath = 35°, for 15 minutes before the first period. Consecu- 
tive periods of 15 minutes. 


Temp. of CO, discharged 


water-bath in decimgrms. Remarks 
35° 837 Pigeon active at times. 
35 872 
. 45°5 744 Pigeon panting ; beak open ; 
apparently distressed. 


The rectal temperature was 41°75° at the end of the experiment. The 
pigeon appeared to be quite well in a few hours. 


Young Pigeon (D) 6 days old. 18. vii. 95. The rectal temperature was 
37° at the beginning of the experiment. The pigeon was in the ventilated 
chamber, water-bath = 30°, for 20 minutes before the first period. Oon- 
secutive periods of 10 minutes, 
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water-bath in decimgrms. Remarks 
30° 548 Pigeon quiet. 
30 517 ” » 
30 517 
41 436 
41 480 
40°5 487 Pigeon pants at times. 
41 445 Pigeon pants and is restless. 


The rectal temperature was 40°5° at the end of the experiment. 


When the pigeon is about 8 or 9 days old the first effect of a 
fall in external temperature may be a rise followed by a gradual fall in 
the discharge of carbonic acid. 


Young Pigeon (B) 8 or 9 days old. 12. vii. 95. The rectal temperature 
was 37° at the beginning of the experiment. The young pigeon was in the 
ventilated chamber, water-bath = 35°, for 30 minutes before the first period. 
Consecutive periods of 10 minutes. 


Temp. of CO, discharged 


water-bath in decimgrms. Remarks 
35° 988 | Pigeon quiet. 
35 943 
25 1109 Pigeon active at times. 
24 Pigeon quiet. 
23°5 948 Pigeon shivers. 
23 870 | 


” 


The rectal temperature was 32° at the end of the experiment. The weight 
of the pigeon was 103 grms. | 


The next experiment, one upon a young pigeon 15 days old, shows 
that a stage has now been reached at which the pigeon can maintain 
its temperature fairly well. 


Young Pigeon (D) 15 days old. 27. vii. 95. The rectal temperature was 
41° at the beginning of the experiment. The pigeon was in the ventilated 


chamber, water-bath = 30°, for 15 minutes before the first period. Consecu- 
tive periods of 10 minutes. 


29° 1833 Pigeon quiet ; pants at times. 
28 2105 ” ” ” ” 
19 2305 Pigeon quiet. 
19 2348 


19 2288 
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The rectal temperature was 38° at the end of the experiment. The skin 
was pale and cold. The weight of the pigeon is 139°5 grms. The feathers 


have commenced to appear, but about three quarters of the body are still 
naked. 


Experiments on other young animals. | 
A few experiments have been made upon newly born rats, rabbits 
and guinea-pigs, and the results are of interest, because they illustrate 


the different conditions of these animals as regards development and 
protective coverings at birth. 


Two young Rats, 1—2 days old. 20. vii. 95. A thermometer covered by 
the young rats, stood at 32° at the beginning of the experiment. The rats 
were in the ventilated chamber, water-bath = 30°, for 20 minutes before the 
first period. Consecutive periods of 15 minutes. 


| bord Remarks 
30° 44 Rats quiet. 
30°5 35 ” 
30 35 Rats active at times. 
20 26 Rats very active at times. 
21 15 Rats quiet. | 


The temperature of the rats was 21'25° at the end of the experiment. 


‘The total wes of the rats was 7°86 grms. The rats are quite naked and 


blind. 


j Young Rabbit, day old. 23. vii. 95. The temperature in the groin was 
35° at the beginning of the experiment. The young rabbit was in the venti- 
lated chamber, water-bath = 33°, for 15 minutes before the first period. Con- 
secutive periods of 15 minutes. 


33° 351 Rabbit quiet. 
33 333 si 
23 458 Rabbit active. 
22°5 288 


The temperature in the groin was 24° at the end of the experiment. The — 
weight of the rabbit was 35°5 grms. The rabbit is blind and its skin is 
covered with short hairs ; the movements of the body show some coordination. 


Young Guinea-pig, 4 day old. 23. vii. 95. The temperature in the groin 
was 37° at the beginning of the experiment. The guinea-pig was in the ven- 
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tilated chamber, water-bath =. 30°, for 20 minutes before the first period. 
Consecutive periods of 10 minutes. 


— 
30° 514 Guinea-pig quiet ; ears red. 
30 547 ” 99 | ? 
20 743 Guinea-pig active. 
20 780 
20 777 Gubsoa-ple quiet ; ears paler. 


The temperature in the groin was 35° at the end of the experiment. The 
weight of the guinea-pig was 105 grms. 

The young rats are unable to regulate their temperature ; they are 
blind and naked, and in relation to their mass have a large cutaneous 
surface. Their movements at this age are slight and show very little 
coordination. The young rabbit at first responds to the fall in external 
temperature with a considerable increase in the output of carbonic 
acid and then a gradual fall; the power of regulation appears to be 
more developed than it is in the young rat. The rabbit is blind but 
shows more active movements and more coordination; the skin is 
covered with short hair and compared with the rat and mouse the 
surface in relation to the mass is smaller. The guinea-pig is able to 
regulate its temperature directly after birth. It is born with a very 
thick covering of hair, its eyes are open, it can run about and shows 
very perfect coordination. | 


Conclusions. 


In the method of observing the effect of rapid changes of external 
temperature upon the discharge of carbonic acid we have a good means 
of testing the power of heat regulation in animals, provided that the 
temperature of the animal, the amount of muscular activity and the 
condition of the cutaneous circulation are at the same time taken into 
account. 

In newly born animals the power of heat regulation varies according 
to the development of the animal at birth. Young animals, such as 
mice, rats and pigeons, which are born blind, naked and helpless, 
respond to changes of external temperature in a way somewhat similar 
to that seen in cold blooded animals; the variations in the respiratory 
exchange and the temperature of the animals are in the same direc- 
tion as the changes of external temperature. These young animals — 
cannot regulate their temperature. 
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Young animals, on the other hand, such as guinea-pigs and chickens, 
which are born in a condition of high development and with protective 
coverings, are able even at birth to maintain a constant temperature, 
provided that the changes in external temperature are not excessive. 

In the first class of animals the gradual development of the power 
of heat regulation can be followed. In mice it appears to be well 
developed by the 10th day after birth, in pigeons by the 15th or 16th 
day. Ata very early period the young animal diminishes its produc- 
tion of heat, but not the temperature of its body, when the temperature 
of its surroundings is raised from 30° to 40°. 

It is important to consider here the part played by the loss of heat; 
in small naked animals like young mice the cutaneous surface in 
relation to the mass of the body is very large and thus more rapid 
cooling will take place. But that this is only a factor secondary to the 
development of the power of regulation is shown by the fact that when 
the fur is quite long an exposure to cold does not increase and maintain 
the increase in the output of carbonic acid so well as in the adult, and 
after a time the temperature of the young animal falls. Moreover a 
young pigeon 15 days old can maintain its temperature fairly well, 
although three quarters of its body are still naked. 

The activity of the animal has also to be considered. In adult 
warm-blooded animals and in newly born animals like the guinea-pig 
and chick a low external temperature increases the activity of the 
animal ; in some cases it washes itself vigorously, in others it attempts 
to get out of the respiration chamber, and when after a time it may be 
quiet it sits with its body huddled up and its fur or feathers ruffled. 
In warm surroundings on the other hand the animal is quiet and often 
goes to sleep; if the temperature is very high it lies extended to 
expose as large a surface as possible and sweats. In young animals, 
which only imperfectly regulate their temperature, muscular activity is 
often most marked and maintained at the higher temperatures. The 
first effect of a fall of temperature is often, it is true, to make the 
animal active, but its movements soon become feeble and as regards 
their purpose are of a similar nature to shivering. 

The development of the power of heat regulation proceeds simul- 
taneously with the development of the nervous and muscular systems. 
At the same time the relation of the cutaneous surface to the mass of 
the young animal and the absence or presence of protective coverings 
are factors, but only of secondary import. 
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Previous Work relating to the Subject. 


Although no experiments similar to those related in this paper 
appear to have been made, yet the subject of the development of the 
power of heat regulation has attracted considerable attention. 

Edwards in 1824 published a series of observations upon newly 
born animals. He found that the temperature of newly born pups, 
kittens and rabbits fell, when the animal was removed from its warm 
surroundings, and continued to fall until it reached a few degrees above 
the temperature of the air. Guinea-pigs, however, were able to main- 
tain their temperature provided that the exposure to cold was not very 
great. Edwards therefore divided the young warm-blooded animals 
into two classes, the warm-blooded and the cold-blooded. In the 
former class the young animals are at birth blind, helpless, in some 
cases naked, and cannot maintain their temperature ; in the latter class 
the animals even at birth are in a condition of great development, 
their eyes are open, they are active and maintain a fairly constant 
temperature. It was also found that young birds could be classified in 
a similar manner, | | 

Edwards noticed that as the animal grew the fall in temperature 
on exposure becomes less and less and at about the fifteenth day after 
birth the animal was able to maintain a fairly constant temperature. 

Comparative experiments showed that the fall in temperature on 
the exposure of newly born animals was not due to the greater 
cutaneous surface in proportion to the mass of the body as compared 
with the ratio in adults. The absence or presence of feathers or fur was 

only of secondary import, for an adult sparrow was able to maintain its 
temperature even after all its feathers had been plucked out. 

Raudnitz in 1888 discussed very fully the subject of the regulation 
of temperature in infants. He made observations upon the variations 
of temperature in infants at birth and during the first few days after 
birth. The influence of the large cutaneous surface in relation to the 
_mass of the body, and the loss of heat from the skin were shown 
by experiment to be only secondary causes of the irregular temperature. 
Observations upon the effect of affusions of cold water showed that the 
rectal temperature in infants a day or two old rose in the case of strong 
subjects, but remained stationary or fell in the case of the weak. 
Raudnitz concludes that the imperfect development of the power of 
regulating temperature is the chief cause of the variable temperature 
in infants. 
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APPENDIX. 


All the experiments recorded in this research have been made upon healthy animals 
in a good state of nutrition; in no case did the animals appear to be injured by the 
experiments. In this Appendix are placed the accounts of additional experiments. 


Three young Mice about 6 days old, 1. x. 94. The mice were in the ventilated 
chamber, water-bath = 30°, for 25 minutes before the first period. Consecutive periods 
of 15 minutes. 


Temp. of CO, discharged 

water decimgrms. Remarks 
30° 186 Mice active at times. 
30 183 
20 204 Mice very active at first. 
20 140 Mice active at times. 
20 116 

108 Mice quiet. 

30 122 ” 
30 190 Mice active at times. 
30 187 ae ” 


Three young mice about 9 days old. 4. x. 94. The mice were in the ventilated 
chamber, water-bath = 30°, for 27 minutes before the first period. Consecutive periods 
of 15 minutes. 


Temp. of CO, discharged 


water-bath in decimgrms, Remarks 
30° 262 Mice active at times, 
80 293 Mice quiet. 
14°75 341 Mice very active at first. 
14°75 294 ; Mice quiet. 
14°75 252 ” 
14°75 222 ” 


The mice were cold and inactive at the end of the experiment. 


1 « Proceedings of the Physiological Society.” This Journal, vol. xv11. 
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Young Pigeon (I) 2 days old. 2. viii, 94. The pigeon was in the ventilated chamber, — 
water-bath = 35°, for 25 minutes before the first period. Consecutive periods of 15 
minutes. 


Temp. of 00, discharged 


water-bath in decimgrms, Remarks 
35° 90 Pigeon quiet. 
34:5 87 Pigeon moves slightly at times. 
34°5 100 ” ” | 
22 61 : Pigeon very active at first. 
21°5 Pigeon quiet. 
35°5 59 - | Pigeon slightly active. 
34°5 78 


Young Pigeon (I) 4 days old. 4. viii. 94. The pigeon was in the ventilated chamber, 
water-bath=35°, for 15 minutes before the first period. Consecutive periods of 15 
minutes. 


Temp. of CO, discharged 
ecimgrms. 


water-bath ind Remarks. 
33°5° 191 Pigeon slightly active. 
83°5 169 Pigeon quiet. 
21 124 Pigeon active at first. 
21 69 Pigeon quiet. 
34:5 86 
33 113 Pigeon slightly active. 


The weight of the pigeon was 38 grms. Its eyes opened to-day. 


Young Pigeon (I) 5 days old. 5. viii. 94. The pigeon was in the ventilated chamber, 
water-bath= 35°, for 16 minutes before the first period. Consecutive periods of 15 
minutes. | 


325 
The weight of the pigeon was 53 grms. 


Young Pigeon (D) 5 days old. 17. vii. 95. The rectal temperature was 40° at the 
beginning of the experiment.’ The pigeon was in the ventilated chamber, water-bath = 30°, 
for 30 minutes before the first period. Consecutive periods of 15 minutes. 


Remarks 


Pigeon quiet. 


42 ” 
42 : Pigeon panting. 
The rectal temperature was 41°25° at the end of the experiment, 


3 
q Temp. of CO, discharged 
water-bath in decimgrms. Remarks 
{ 35° 388 Pigeon quiet. | 
F 34 385 Pigeon slightly active. 

; 21 324 Pigeon quiet. 

20°75 195 

35 187 Pigeon quiet. 

34 256 

4 Temp. of CO, discharged 
4 water-bath in decimgrms. | 

30° 588 | 
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Young Pigeon (I) 6 days old. 6. viii. 94. The pigeon was in the ventilated chamber, 
water-bath=35°, for 35 minutes before the first period. Consecutive periods of 15 
minutes. 


Temp. of CO, discha 


water-bath ecimgrms. Remarks 

574 

33° ee 4 Pigeon quiet. 
487 

28 

82 514 

20 417 

20 247 ” 


Young Pigeon (B) 7-8 days old. 11. vii, 95. The rectal temperature was 38° at the 
beginning of the experiment. The young pigeon was in the ventilated chamber, water- 
bath = 35°, for 30 minutes before the first period. Consecutive periods of 10 minutes. 


Temp. of CO, discharged 
in 


water- 8. Remarks 
35° 910 Pigeon fairly quiet. 
35 998 | 9 
25 980 Pigeon active at times. 
24°5 921 
24 902 ” ” 
24 757 Pigeon shivering. 


The rectal temperature was 31° at the end of the experiment. | 
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THE FALL OF BLOOD-PRESSURE RESULTING FROM 
THE STIMULATION OF AFFERENT NERVES. By 
REID HUNT, AB. Fellow in the Johns Hopkins University. 
(Six Figures in Text.) 


Part I. HIsTORICAL. 


Two effects are commonly said to be produced by the stimulation of 
the central end of a sensory nerve—(1) reflex constriction of many of 
the smaller arteries, principally those supplied by the splanchnic nerves, 
and (2) a reflex dilatation of others, especially those of the skeletal 
muscles and of the skin’. As the effect of the former is usually greater 
than that of the latter, the result is a rise of arterial pressure. But a 
different result is often obtained, viz., a fall of arterial pressure. This 
latter result seems to have been first described by E. Cyon as following 
the stimulation of a sensory nerve of a rabbit under the influence of 
chloral. | 
The mechanism of the local reflex dilatation does not appear to have 
been very fully discussed; but the statements usually made seem to 
point to the conception, that the vaso-dilators of some parts of the body 
are in some way stimulated reflexly simultaneously with the vaso- 
constrictors of other parts. | 
Apparently no one has studied the question as to the areas in which 
the dilatation takes place when a fall of arterial pressure occurs as 
described above :—for example, whether the dilatation is general or is 
confined to certain localities; but several physiologists have made a — 
study of the afferent nerves and the centres concerned. Cyon supposed 
a rise of pressure could be obtained reflexly only when the cerebral 
hemispheres were intact or normal; if they were removed or poisoned 
by chloral hydrate, a fall occurred. Dittmar’*, however, showed that the 


4 For references to the literature see Tigerstedt’s Lehrbuch d. Physiologie d. Kreislaufs, 
Leipzig, 1893, pp. 518—529. 
* Dittmar. Ber. d. siichs. Gesellsch. d, Wiss., Math.-phys. Cl., 18. 1870. 
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pressure still rose, on stimulation of sensory nerves, after the complete 
removal of the hemispheres. 

The first and apparently only thorough investigation of the afferent 
nerves concerned in this reflex was made by Latschenberger and 
Deahna'. From a study of the forms of the curves of blood-pressure 
during stimulation of various afferent nerves, from the fall of pressure 
obtained by long-continued stimulation of the sciatic, and especially from 
the fall following the removal of a clamp from the femoral artery, they 
concluded that from all the blood vessels of the body depressor as well 
as pressor nerve-fibres run to the vaso-motor centre. They thought 


_ further, that when the pressure in one vascular area was decreased (e.g. 


by clamping the artery) the pressor fibres were stimulated and a rise 
occurred, whereas, when the pressure is suddenly increased (as when the 
clamp was removed), the depressor fibres were stimulated and a fall of 
arterial pressure resulted. However, it was soon shown by Zuntz’* that 
it was the anzemia of the tissues rather than the pressure in the blood 
vessels which caused the reflex rise of pressure. Then the failure of 
several experimenters to find another nerve like the depressor, stimula- 
tion of which invariably caused a fall of pressure, lead some physiologists 
to the view that there are no depressor fibres in the sense used by 
Latschenberger and Deahna‘, but that the fall of pressure sometimes 
obtained is due to the condition of the centre’. It is true that writers 
sometimes speak of “depressor” fibres in the sciatic and other nerves, 
and Bayliss’ has recently put forward a theory of their action, but the 
possibility that the fall of pressure in these cases is due to changes in 
the centre was not excluded’. 

Howell’ has recently published an account of experiments made by 
himself and some of his pupils, on the effects of cold upon the con- 


1 Latschenberger and Deahna. Pfliiger’s Archiv, xm. 157. 1876. 

* Zuntz. Pfliiger’s Archiv, xvi. 404. 1878. 

$’ Tigerstedt. Op. cit. p. 525. 

4 See Knoll. Sitzber. d. Akad. d. Wiss. z. Wien, Math.-naturw. Cl., 92, Abth. 3, p. 
451. 1885. Also Foster, Text-book of Physiology, 6th ed. p. 345. 1893. 

5 Bayliss. This Journal, xrv. 317. 1893. 

6 After this paper had been written my attention was called to a section in the article 
by Bradford and Dean on the “ Pulmonary Circulation” (This Journal, xv1. 67. 1894), 
in which they describe the effect of stimulation of the central ends of the intercostal nerves. 
They state that stimulation of the central ends of certain of these nerves is followed by a 
fall of pressure while that of the sciatic is followed by a rise, and argue from this that, as 
the vaso-motor centre is in normal condition, the fall can probably be explained only by 
supposing that there are two sets of fibres here—pressor and depressor. 

7 Howell, Budgett and Leonard. This Journal, xvi. 298. 1894. 


2 
3% 
ae 
4 
/ 
a 
d 
4 
4 
a 
5 
i 
: 
a 


AFFERENT NERVES ON BLOOD-PRESSURE. 383 


ductivity of nerve fibres, in which he shows that, if a portion of the 
sciatic is cooled to near 0° C., and stimulated peripherally to this part, 
the result is a reflex fall of pressure. He suggests that there are 
depressor as well as pressor fibres present and that the former do not 
lose their power of conducting impulses at a low temperature as readily 
as do the latter. 


Part II. THe AFFERENT FIBRES BY WHICH A FALL OF 
PRESSURE IS PRODUCED. 


Method of experimenting. In addition to the method of cooling, 
other methods were employed to produce a reflex fall of blood-pressure ; 
these will be described in their proper places. The animals used were 
cats, dogs, and rabbits and they were in all cases anzsthetized, by some 
method. The vagi were cut in most cases, The blood-pressure was 
taken from the carotid and recorded in the usual manner. In most of the 
experiments the nerve stimulated was the sciatic, but sometimes the 
saphenous, ulnar, median or anterior crural and occasionally other 
nerves were used. I shall consider first the stimulation of the sciatic, 
and then compare with these results the effects produced when the other 
nerves were stimulated. | 


1. Effect of Cooling. 


The nerve was cooled in the manner described by Howell’, viz., by 
drawing the central end of the divided nerve through the transverse 
tube passing through the angle of a V-tube ; cold alcohol was circulated 
through the V-tube and so around the transverse tube containing the 
nerve. In this way the nerve could readily be cooled to 0° C. or lower. 
No attempt was made to determine the exact temperature of the 
nerve; the temperature given is that of the alcohol at the angle of the 
V-tube and as Howell showed, that of the nerve probably did not vary 
from this by as much as 1°C. The nerve was stimulated an inch or 
two below the tube with a weak interrupted current from a Du Bois 
Reymond coil. As the result varies with the kind of anesthesia 
employed, it will be best to consider the different cases separately. 

Brain Compression. This was produced by trephining, care being 
taken not to rupture the dura mater, and then carefully pressing a 
sponge or bandage, moistened with a °6°/, solution of sodium chloride, 
into the cavity of the skull till anesthesia was complete. Rabbits did 


1 Howell. Op. cit. p. 300. 
26—2 
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not endure this operation very well and in cats, with the vagi divided, 
the curve of blood-pressure was sometimes very irregular and difficult 
to interpret. The method however often gave very satisfactory results. 

Howell gives what may be considered a typical example of the 


‘reflex fall of pressure obtained by cooling and stimulating the sciatic 


when this method of anesthesia is employed. I have nothing to add to 
his results. The effect is almost always easily obtained. The following 
experiment may serve as an example (see Fig. 1, A and B): 


Fig. 1. Record from cat anzsthetized by brain compression. Vagi cut. 
Sciatic stimulated. ‘‘A” shows fall of pressure when nerve was cooled to 
44° C. “B” shows rise of pressure when nerve was stimulated at 26°. 
Strength of stimulus the same in both cases. “B” is 1 minute, 50 seconds 
after “A.” Tracing to be read from right to left. Time record in seconds, 
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Jan. 13th. Cat; vagi cut. Stimulation of the nerve with a current a 
little more than just perceptible to the tongue, with the nerve at 26° C. gave 
a rise of 38mm. Hg. The nerve was cooled to 10° and again stimulated 
with the same current; there was no effect on blood-pressure or a minute 
rise. The cooling was now continued to 44°C.; now stimulation was fol- 
lowed by a fall of 20 mm.; the pressure returning at once after stimulation 
ceased. Water at about 26° C. was now circulated around the nerve and the ~ 
stimulus again applied 110 seconds after the former one. A rise of 28 mm. 
followed. Similar results were obtained in 4n experiment upon a cat 
anesthetized by division of the crura cerebri. 


Ether. Ether, alone or with other anesthetics, has a marked 
influence: in increasing the ease with which depressor effects are 
obtained. Very often in experiments in which this anesthetic was 
used, a fall of pressure was the only result from stimulation of the 
sciatic at the temperature of the room. This was especially the case 
in experiments upon rabbits. With dogs and cats, however, if the 
nerve had been freshly exposed and the stimulating current was 
moderately strong, a rise of pressure usually occurred; in such cases 
cooling the nerve caused a marked fall during stimulation. If, how- 
ever, the current was weak or if the nerve had been exposed for some 
time or stimulated frequently, either a fall of pressure resulted or no 
change was produced, either at the temperature of the room or when 
the nerve was cooled. Examples of such experiments are as follows: 


Dec. 12th. Rabbit; vagi intact. With temperature at 23°, a weak 
stimulus caused a rise of 19 mm.; the nerve was now cooled to 15° and 
stimulated with the same current: a fall of 9mm. resulted. Warming the 
nerve in this experiment did not restore its power to produce a rise on 
stimulation. 

Dec, 13th. Dog; a.c.c. mixture, Stimulation, with a weak current, 
of the sciatic at the temperature of the room caused no change in the blood- 
pressure; with the temperature at 12°, however, the same current caused 
a fall of 10mm. In this experiment weak stimulation alone did not cause a 
fall of pressure. 


Acetone Chloroform (Trichloride of Acetonic Acid’). A few experi- 
ments were made on cats and dogs anesthetized with this drug; the 
curves of blood-pressure were remarkably uniform, and a slight rise or 
fall was more conspicuous and less difficult to interpret than with many 


1 I am indebted for this drug to Prof, Abel, who has been using it for some time in his 
laboratory as an anesthetic. 
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other anesthetics, On the other hand, the vaso-motor centre did not 
seem to be very irritable and the reflex changes of pressure were not 
great. The results, however, were similar to those obtained with brain 
compression. The following will serve as an example. | 


May 10th. Cat, anesthetized with 1 Gm. Acetone Chloroform. Vagi 
cut. Blood-pressure 75 mm. Hg., rising later to 100 mm. _ With tempera- 
ture at 26° and secondary coil at 7 ctm. from the primary, a rise of 7 mm. 
occurred ; the temperature was lowered to 4°: now stimulation with the 
same strength of current was followed by a fall of 7 mm. As the nerve 


was warmed again stimulation caused a rise; at 29°, coil 7 ctm., the rise 


was 20 mm. 


Curare. Curare seems to exert an opposite influence to that of 
ether, z.¢. it causes the pressor effects to be more marked. No fall of 
blood-pressure could be obtained by stimulating the cooled sciatic in 
curarized cats or rabbits when ether had been given or the brain com- 
pressed, or in dogs to which morphia and curare had been given’. — 

In one experiment upon a cat with curare and brain compression, 
no fall of pressure could be obtained on cooling, but on injecting 3 c.cm. 
of a 10°/, solution of chloral hydrate into the external jugular vein, 
stimulation of the sciatic readily caused a fall of pressure when the 
nerve was cooled to 10°C. or below. 

In many cases, especially at the beginning of an experiment, the 
rise of pressure was followed soon after stimulation ceased, by a very 
marked fall. This result will be discussed later. | 

Ulnar and Median. A few experiments were made upon these 
nerves in dogs and cats; the same results were obtained as with the 
sciatic, viz. a rise at high temperatures and a fall at lower ones. 

Saphenous Nerve. In rabbits and dogs a fall of pressure can be 
obtained from this nerve on cooling, as easily as from the sciatic; also 
in animals anesthetized with ether or chloroform, a very marked fall 
sometimes results from stimulation. The saphenous nerve of the cat 
seems to differ markedly in this respect from that of the rabbit or dog. 
For in this animal a fall of pressure rarely occurred from stimulation of 
the saphenous whatever the anzsthetic, or the temperature or the 
strength of the stimulus. In the same individual cooling and stimu- 
lating the sciatic often gave a fall of pressure, while similar treatment 
of the saphenous was without effect. So, too, in animals anesthetized 


1 Gritzner failed to obtain fall of blood-pressure from cooling and stimulating the 
sciatic of a curarized dog. Pfliiger’s Archiv, xv. 215. 1878. 


A 
| 
of 
a 
GA 


AFFERENT NERVES ON BLOOD-PRESSURE. = 387 


with ether, the saphenous gave either a rise or no effect, while the 
sciatic often gave a fall of pressure. Thus there seems to be a real 
difference between this nerve and those so far considered. In this 
connection the statement of Knoll that a fall of pressure sometimes 
results from stimulation of most afferent nerves, with the exception of 
the splanchnic’, is of interest ; also the observation of Bradford? that 
a fall of pressure sometimes occurs on stimulating the intercostals. 


2. Effect of stimulating the central end of a recently 
regenerated nerve. 


A few experiments were made to determine whether, in the regene- 
rating sciatic, any difference in the time of return of the different 
reflex vaso-motor functions could be observed, or, stating the problem 
in the terms of the hypothesis that there are two sets of fibres, pressor 
and depressor, whether one set regenerates earlier than the other. 
This work was suggested to me by some observations of Professor 
Howell’s on the regeneration of vaso-motor nerves; he found that the 
dilators regenerate earlier than the constrictors. 

The animals chosen for these experiments were, with one exception, 
cats; one sciatic was crushed by drawing a ligature tightly around it, 
high 4 in the thigh; the wound was closed with aseptic precautions and 
the nerve allowed to regenerate. When signs of sensation and motion 
became apparent for some distance down the leg, that is, after the 
lapse of five or six weeks, the animal was experimented upon; both 
sciatics (the regenerating and the normal) were cut and their central 
ends stimulated alternately, and the effect upon the blood-pressure 
recorded on the kymograph. In all but one experiment there was 
distinct evidence that the depressor effect returned first; the exception 
being an experiment upon a cat made forty-eight days after the nerve 
was crushed. This was the longest period allowed to elapse between 
crushing the nerve and making the experiment and the part of the 
nerve stimulated gave the same results as the normal nerve, viz. a rise 
of blood-pressure. It is very probable that if the nerve had been 
cut lower down and stimulated, the usual result would have been 
obtained, A few details of some of the experiments will be given. 


June 26. Cat. Left sciatic crushed 39 days previously. Anmsthesia 
was produced by brain compression and the two sciatics prepared for stimu- 


1 Knoll. Sitzber. d. Akad. d. Wiss. zu Wien, Math.-naturw. Cl., 92, Abth. 3, p. 
449. 1885. 


2? Bradford. This Journal, x, 397. 1887. 
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lation. Stimulation of the left nerve with the coil at 8} ctm., a weak 
stimulus, caused a slight fall of pressure; the coil was moved up to 7 and 
then to 4ctm.; falls of pressure of 8 and 10 mm. respectively occurred. 
Stimulation of the right, i.e. the normal sciatic, with the coil at 8 ctm. gave a 
rise of pressure of 40 mm. These results were constant and obtained both 
before and after section of the vagi. (Fig. 2, Aand B.)-.. 


B 
Fig. 2. Cat. Brain compressed. Vagi intact. Left sciatic crushed 39 
days previously. “A” shows fall of pressure from stimulation of regenerating 


sciatic. ‘B” shows rise of pressure and slowing of heart from saci of 
normal sciatic, Tracing from right to left. 


Dec. 12th. Cat. Left sciatic crushed 38 days previously. Anmsthesia 
produced by ether. Vagi intact. Stimulation of the normal nerve gave a 
rise of 16 mm.; the same current applied to the left caused a fall of 12 mm. 
The maximum fall of pressure in this case was obtained by stimulating the 
nerve immediately below the point where the ligature had been applied. 


Another experiment shows a gradual transition in the effect upon 
the vaso-motor centre from stimulation of the nerve at points more and 
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more towards the periphery. When the stimulus was applied to a 
point near the wound there was a rise of pressure; a little lower, a fall 
occurred. As the nerve was stimulated still more peripherally the 
effect became less and less, and finally a point was reached where it 
seemed entirely unirritable—at least as far as its influence on the 
vaso-motor centre was concerned. Another experiment showed the 
same difference between the normal and regenerated nerve in a slightly 
different way. In this experiment stimulation of both the normal and 
regenerating nerve caused a fall of pressure when the current was 
weak; the strength of the stimulus was now increased: the regene- 
rating nerve continued to cause a reflex fall of pressure while the 
normal one caused arise. Results entirely similar to the above were 
obtained in an experiment upon a dog in which one sciatic had been 
_ crushed 38 days previously. 

An experiment was also made upon the saphenous nerve of a cat. 
Stimulation of the regenerating nerve 42 days after it was crushed, at, 
and just below the point where the ligature had been applied, caused a 
rise of pressure; when applied to a still lower point, stimulation was 
without effect. In no case did a distinct fall of pressure result from 
stimulation of this nerve, as was the rule with the regenerating sciatic. 
This is the result we should expect when we remember that a fall of 
pressure from stimulation of the saphenous is very unusual. 


3. Mechanical stimulation of muscles. 


Kleen’ has shown that if a purely muscular. stimulation be pro- 
duced by kneading the muscles of a rabbit's leg, a fall of blood-pressure 
results; Brunton and Tunnicliffe* have obtained similar results. I 
repeated this experiment on cats and rabbits and found that here also 
the anesthetic had a marked influence on the result. 

With curarized cats, morphia also being given or the brain com- 
pressed, kneading the muscles of a limb invariably caused a fall of 
blood-pressure. The following will serve as an example. 


_ Feb: 2nd. Cat. Morphia and curare; vagi cut. Kneading the muscles 
of the leg, from which the skin had been removed, caused a fall of pressure of 
10 mm., after which the pressure slowly returned. 


With brain compression alone, kneading the muscles usually gave a 
fall of pressure, but the results were not so marked or so invariable as 


1 Kleen. Skandinav, Archiv f. Physiol. 1. 247. 1887. 
2 Brunton and Tunnicliffe. This Journal, xvu. 373. 1894. 
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with curare. With ether the results were still less marked; and one 
or two experiments on cats anzsthetized with acetone chloroform gave 
negative results. The fact that a fall of blood-pressure could be so 
easily brought about by kneading the muscles, if, at the same time, 
care was taken to avoid rubbing the skin, suggested that direct 
electrical stimulation of the nerves to the muscles, or of the muscles 
themselves, would also cause a fall. This supposition, however, was 
shown by experiment to be incorrect. The nerves investigated were 
branches of the sciatic and anterior crural, and subsequent dissection 
showed them to be, in large part at least, muscular; stimulation of 
these, with weak or strong interrupted currents, was always followed by 
a rise of pressure. Direct electrical stimulation of the muscles by 
plunging the electrodes into them also gave a rise, while kneading 


them caused a fall of pressure. 


4. Weak electrical stimulation. 

Knoll! remarks that he received the impression from his experi- 
ments, that a depressor effect was usually the result of a weak 
stimulation, while the pressor effect followed, as a rule, a stronger 
stimulus. 

I often noticed the same difference ; sometimes it was very marked. 
For example, in an experiment upon a cat anesthetized by brain com- 
pression, stimulation of the sciatic with the secondary coil at 10 ctm. 
from the primary, caused a fall of 12 mm.; with the coil at 7 ctm., on 
the other hand, there was a rise of 16 mm. 


5. Effect of repeated stimulation, of exposure, &c. 


Latschenberger and Deahna? observed that after the sciatic had 
been stimulated repeatedly, a point was reached when a fall of pressure 
took the place of the usual rise. 

According to their theory the pressor fibres fatigued earlier than the 
depressor. Their experiments were made upon curarized animals. I 
have often obtained the same results, but far more readily on animals 
anesthetized by brain compression. The following experiments will 
illustrate this point. | 

Dec. 30th. Cat ansesthetized by brain compression. Stimulation of the 
sciatic nerve with a weak current caused, in the early part of the experiment, 

1 Knoll. Op. cit.p.451. 
? Latschenberger and Deahna. Op. cit. pp. 165—6. 


A 
16 
3 
+ 
A 


AFFERENT NERVES ON BLOOD-PRESSURE. 391 


a very considerable rise of pressure; soon however a strong stimulus was 
required to produce this effect, a weak one causing now a fall. After one stimu- 
lation with a weak current, with the temperature at 24° C., the fall was 24 mm. ; 
the wound was then closed and the animal left undisturbed for an hour. The 
blood-pressure fell considerably during this time, but otherwise the condition 
of the cat seemed to have remained unchanged. At the end of the hour the 
sciatic was stimulated with the same strength of current and at the same 
temperature as before ; the result was a rise of pressure of 38 mm. 


It might be objected to this experiment that the long interval 
between the stimulations had permitted some change to occur in the 
centres themselves. A second experiment will therefore be described to 
which this objection cannot be made. 


Jan. 10th. Cat; brain compression and light etherization. The right 
sciatic was exposed, but some difficulty was experienced in getting it properly 
adjusted in the cooling tube; consequently the nerve was exposed to the air 
for some time and rather fe a treated. Stimulation of this nerve with 
currents of moderate strength caused only a fall of pressure. The left sciatic 
was now quickly exposed and stimulated with a current of the same strength 
as that employed for the right nerve ; a rise of’ pressure was the invariable 
result. 


Unless we make the assumption that stimulation of the two sciatics 
may normally be followed by different results, this experiment can 
scarcely be explained otherwise than by supposing the rough treatment 
and exposure of the right sciatic to have made it incapable of conducting 
or developing pressor impulses as readily as depressor. 

Another difference between the vaso-motor reflexes obtained from 
curarized animals, and from those anesthetized by ether or brain com- 
pression, may be mentioned in this connection. It often happened that 
the rise of pressure, following stimulation of the sciatic of curarized 
animals, was followed, after stimulation ceased, by a very considerable 
fall. Later in the experiment, no such succeeding fall of pressure occurred 
although the rise was as great as before; indeed the pressure often 
remained above the previous level for some time. With animals under 
ether, a phenomenon opposite, in a certain sense, to this occurred ; the 
first few stimulations caused a rise of pressure, while later only a fall 
occurred. Another kind of after-effect was sometimes observed on cats 
anzsthetized by brain compression. For example, in the early part of 
one experiment, no fall of pressure occurred after the rise from stimula- 
tion of the sciatic; later there was invariably such a fall of pressure. 
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These results will be referred to later in speaking of the action of curare 
and ether. 


6. Effect upon the blood-pressure of closing and opening 
| a vascular area. | 


Latschenberger and Deahna laid considerable stress upon the 
phenomena resulting from closing and opening a vascular area. As 
described above, they found that a rise of pressure followed the clamping 
of an artery, and a fall, greater than could be accounted for on purely 
mechanical principles, occurred when the clamp was removed. They 
attributed these results to the stimulation of pressor and depressor 
nerves respectively of the vessels of the area to which the arteries were 
distributed. 

As far as I am aware no one has repeated the experiments with 


_ reference to the fall of pressure and it seemed desirable therefore to do 


so. I think the results obtained agree with those described by the 
above writers, but as they were not invariably obtained and were not 
marked, the experiments were not continued. The following will serve 
as an example. | 

Cat, anesthetized by ether; the sciatic, anterior crural and saphenous 
nerves were cut on the right side; those of the left were intact. When 
the right common iliac artery was clamped, the pressure in the carotid 
rose 10 mm. and remained at that height till the clamp was removed, 
when it returned to just the level it occupied before. A rise of pressure 
would of course be expected when a tolerably large vascular area is 


‘suddenly closed. And further we should expect a greater rise to follow 


the closing of arteries which were dilated from section of their nerves, 
than from those whose nerves were intact. And this is what was found; 
for the immediate rise following the clamping of the left common iliac 
artery was extremely slight. In the course of a minute and a half the 
pressure rose, however, 6 mm. This rise cannot be explained on 
mechanical grounds since it did not occur on the sides where nerves had 
been cut. It is probably due as explained by Latschenberger and 
Deahna, to a stimulation of pressor nerves, not as they thought, by the 
collapse of the arteries, but by the local an#mia as described by Zuntz. 
The clamp was now removed from the left artery and another placed 
simultaneously upon the right ; the rise of pressure in this case was but 
5 mm. or one half as great as above. Latschenberger and Deahna 
observed an actual fall in such cases. The explanation of this is pro- 
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bably the one given by Latschenberger and Deahna; that is, that 
the sudden distention of the artery (or the sudden inrush of oxygenated 
blood, by which the local anzemia was relieved), stimulated depressor 
fibres and so the mechanical effect of simultaneously closing the right 
artery was, to a certain extent, counterbalanced. 

This hypothesis is made more plausible by similar results obtained 
by a slightly different method, which seems less open to objection. As 
described above, the removal of the clamp from the artery on the side 
whose nerves were cut, was followed by a simple return of the pressure 
to the original level; removal of the clamp from the side with the nerves 
intact, was followed by a fall below the original level. In some cases 
the fall was as much as 13 mm. Section of the nerves on this side 
caused the difference to disappear. : 


7. Negative results. 


In addition to the various forms of stimulation described above, two 
others were tried in the hope that some separation of the pressor and 
_ depressor effect might be obtained. They gave negative results, but I 
shall refer to them briefly. | 
Different rates of electrical stimulation. Rhythmic stimulation of 
the sciatic was tried with the thought that perhaps some such separa- 
tion of pressor and depressor effect might be produced, as has been 
described for the peripheral constrictors and dilators by Ostroumoff? 
and especially by Bowditch and Warren’, but the result was negative. 
The nerve was stimulated with an induced current; the current of the 
primary circuit was interrupted at different rates, from once in two 
seconds to sixty times per second. Only a rise of pressure resulted, the 
character of which was determined by the number and strength of the 
stimuli; the rise was very gradual with slow weak stimulation, but took 
place much more suddenly with stronger and more rapid stimulation. — 


Chemical Stimulation. It seemed possible that some chemical sti- 
mulus might be found which would have the effect of causing a fall 
of pressure when applied to an afferent nerve. A few salts, acids, and 
alkalis were therefore tried, but as yet no form of chemical stimulus has 
been found which seems to be capable of giving a depressor effect. As 
very little work has been done on the effect upon blood-pressure of 


1 Ostroumoff. Pfliiger’s Archiv, xu. 228. 1876. 
2 Bowditch and Warren, This Journal, vu, 432, 1886, 
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chemical stimulation of afferent nerves’, it may be of interest to include, 
in the form of a table, my chief results. 

The substances whose action was to be studied, were applied in 
equimolecular solutions to the central end of the divided sciatic by 


means of a camel’s hair brush. After each application the chemical was 


washed off with a °6%/, NaCl solution, a small piece of the nerve cut 
off and another application made. 


I. Feb. 13th. Cat, anesthetized by ether. Blood-pressure 184 mm. Hg. , 
The stimulus was allowed to remain on the nerve in each case for 25-45 
seconds. 


Stimulus 0/, sol. Result 


KCl 3-72 Rise of pressure of 11 mm. 
Induced current (very slight) 
KBr 5°74 10 mm. 
KI 8:28 4mm. 
NaOH 1 6 mm. 
KOH . 14. 10 mm. 
HNO, 1 10 mm. 
Induced current (moderately 0 
HCl i Rise of pressure 7mm. 
I ” ” (slight) 
Curare was now given and the stimulus applied to the saphenous nerve. 
NaCl 5°84 — Rise of pressure 12 mm. 
KCl 3°72 14 mm. 
NaOH 1 11 mm. 
NaOH 1 11 mm. 
KOH 1:4 10 mm. 


The vagi were now divided and the stimulus applied to the central end of 
one of these nerves, 


Induced current (moderately strong) Fall of pressure 8 mm. 
HNO, 1°, Rise . ,, 24 mm. 


II. March 28th. Cat, anzesthetized by ether. The experi iment was made 
in the same manner as the above. 


Stimulus 9/, sol. Nerve . Effect on blood-pressure 
CaCl, 11-1 L. Sciatic 0 
Induced current (weak) » Rise (very slight) 


See Griitzner. Pfliger’s Archiv, ivi, 71. 1894. 
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Stimulus °/, sol. Nerve Effect on blood-pressure 
MgSO, 12 L, Sciatic Fall, followed by slight rise 
MgCl, 16 ” ” 29 
Current (moderate) fe Rise of 14 mm. 

Rise of 7 mm. 
12°25 Rise, followed by fall 
HNO, l i Fall, followed by rise 
Current (moderate) * Rise of 7 mm. 

Na SO, 14-0 L. Saphenous 
Induced current (moderate) pe Rise of 8 mm. 
ZnSO, 16:1 Rise 
CuSO, 15-9 L peor Fall of 8 mm. 
Induced current (moderate) ‘5 Rise of 8 mm. 
KOH Rise of 34 mm. 
Coil ” _, Fall, followed by a rise 

Curare was now given and the vagi cut. 

Induced current (strong) R. Vagus Fall of 8 mm. 
NaOH 1 Rise of 4mm, 
Induced current (weak) - Fall of 11 mm. 

R. Sciatic Rise of 17 mm. 
KCIO, 12:25 of 16 mm. followed by 

fall of 24 mm. 


These experiments though very incomplete bring out one point of 
interest, viz., the difference which is sometimes observed between 
chemical and electrical stimulation. Thus in the first of the above 
experiments the sciatic readily gave a rise of pressure on stimulation 
with various chemical agents while electrical stimulation was ineffective; 
in the second, on the other hand, the latter stimulus was the more effec- 
tive. A 1°, solution of HNO,, for example, when applied to the 
sciatic in the former case, produced a rise of 10 mm., while a moderately 
strong electrical stimulus was without effect ; in the second experiment, 
a solution of HNO, of the same strength, produced a slight fall of 
pressure, though a weak electrical stimulation was followed by a rise of 
7mm. The difference is more marked in the case of the vagi. In both © 
of the above experiments, electrical stimulation of various strengths 
invariably caused a fall of pressure, while HNO, and NaOH produced 
arise. (See Fig. 3,4 and B.) In one case the rise was 24mm. In an 
experiment upon a dog a fall of pressure (11 to 12 mm.) followed stimu- 
' lation of the vagus by both the induced current and HNO, (1°/, solution). 
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Fig. 3. Cat. Ether and Curare. Vagi cut. ‘ A” shows fall of arterial 
pressure from stimulation of central end of vagus. ‘ B” shows rise of pressure 
from stimulating vagus with HNO, (1°/,). Tracing from right to left. 


So far as these experiments go, I think they show that the effects of 
both electrical and chemical stimulation vary with the condition of the 
animal, but that they vary independently. These differences do not 
seem to be entirely due to differences in the strength of the stimuli. 
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Path in the cord of the afferent fibres causing a fall of pressure. It 
seems possible that if the afferent fibres, by which a reflex fall of 
pressure is brought about, are anatomically distinct from those which 
cause the usual rise of pressure, that the former may have a separate 
path in the spinal cord. ~ The pressor fibres from the sciatic were shown 
by Dittmar’ to run largely in the lateral columns, that is, in the part 
of the cord in which the nerves giving rise to sensations of pain are 
supposed to run. It was suggested by Professor Howell that, as the 
depressor effects were so easily obtained from stimulation of the 
muscles, the afferent fibres might be those giving rise to the muscular 
sense. If this supposition is true we should expect section of the 
posterior columns, in which part of these fibres are known to run, to 
block, to some extent, depressor influences coming from the sciatic ; 
and we should further expect stimulation of these columns to produce a 
fall of pressure. Neither of these suppositions, however, can be con- 
sidered as satisfactorily demonstrated. In regard to the second point, 
it may be said that stimulation of the posterior columns gives usually, 
not a fall, but a slight rise of pressure. The effect of section of the 
posterior columns upon vaso-motor reflexes is likely to prove, under 
any circumstances, a difficult problem. For apart from questions of 
shock, and the fact that many of the fibres of the muscular sense are 
supposed to run in other parts of the cord, there is clear evidence that 
_ a reflex fall of pressure may be obtained through the cord itself at 
different levels. And, as a matter of fact, some of my experiments 
show a reflex fall of pressure on stimulation of the sciatic after section 
of the posterior columns, though this fall was not greater than could be 
obtained when the entire cord was divided. On the other hand it was 
noticed several times that after the spinal canal was opened and the 
posterior columns exposed, a fall of pressure from stimulation of the 
sciatic was less easily obtained than before. As the posterior columns 
were the parts most subjected to exposure and injury, this may perhaps 
be taken to indicate that they are the paths, in part, of the afferent 
impulses. In any case, it is interesting that after injuries to the cord, 
pressor effects are usually more marked, while after injuries to the 
brain the opposite seems to be the usual result. 


1 Dittmar. Ber. d. siichs. Gesellsch. d. Wiss., Math. phys. Cl. 1873, p. 455. 
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Part III. ON THE LOCAL ACTION OF DEPRESSOR NERVE-FIBRES. _ 


A number of experiments were made to determine, if possible, the 
vascular area in which the dilatation occurred which was the cause of 
the fall of arterial pressure described above. 

It was obviously impossible, from the manner in which these 
experiments were made, to determine the effect on the vascular area 
corresponding to the nerves stimulated, for the efferent nerves were 
cut. However the case may be in the normal animal, it is clear that in 
these cases the dilatation occurred elsewhere than in the areas supplied 
by the afferent nerves. It was assumed that the area most probably 
involved in the dilatation was either the corresponding area of the 
other side or the splanchnic system, since this is known to play such an 
important part in most vaso-motor phenomena. Accordingly these two 
areas were investigated. 

Method. At first sight the most satisfactory method of inves- 
tigating this problem seemed to be the plethysmographic. Curare, 
however, is almost always necessary in such work, and this drug is, as 
has been shown above, distinctly antagonistic to a reflex fall of pressure 
from stimulation of sensory nerves. It is obvious, therefore, that the 
plethysmograph is not applicable to this work and accordingly other 
methods were tried; of these the determination of the venous pres- 
sure in different areas proved the most satisfactory and easiest of 
application. 

The method employed was essentially that described by Bayliss 
and Starling’, An ordinary Francois-Franck cannula was used, into 
the horizontal limb of which a fine pipette was introduced so that it 
reached just into the neck of the cannula. The vertical limb was 
connected with a water manometer made of barometer tubing; a glass 
T tube was introduced into the rubber tube making this connection. 
When the vein was clamped, a stream of soda* could by this arrange- 
ment be led from the pressure bottle down into the neck of the cannula 
and out through the vertical limb of the T. The blood in the cannula 
could thus be washed out and all trouble from clotting avoided. 

1 Bayliss and Starling. This Journal, xvi. 162. 1894. 

2 The solution of soda used in both the venous and arterial cannule was the mixture 
of the carbonate and bicarbonate proposed by Klemen siewicz (Sitzber. d. Akad. d. Wiss. 
z, Wien, Math.-naturw. Cl. 94, Abth. 8, pp. 24—6, 1886). I have found this solution much 
more satisfactory than the solutions of MgSO, and Na,CO, commonly employed in the 


laboratory. The proportions are as follows: Distilled Water 4000 c.c., HNaCO, 186 gm., 
Na,CO, 286 
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_ The veins in which the pressure was determined by this method 
were the portal, femoral, and ‘saphena. For determining the portal 
pressure ‘the cannula was introduced into the central end of one of the 
splenic veins. In the case of the femoral or saphena the cannula was 
put into a small branch, preferably into one joining the main trunk at 
a right angle. If a nerve in one leg was to be stimulated, it is 
to be understood that the cannula was in a vein of the leg of the 
opposite side. 

Before describing the results of these experiments a word may be 
said concerning the interpretation of changes in the portal pressure. 
So little is known of the action of the constrictors of the portal vein 
—to what extent and under what circumstances, for example,—they are 
stimulated reflexly, that one must be very cautious in drawing con- 
clusions from changes of pressure here. 

Thus it is conceivable that both the arteries to the viscera and the 
branches of the portal vein should be constricted or dilated simul- 
taneously. In this case there would be a rise or fall of arterial pressure 
with perhaps little or no change in portal pressure. On the other hand 
a rise of portal pressure might mean a dilatation of the arteries or a 
constriction of the portal vein and its branches in the liver. A fall of 
pressure might be ascribed either to a constriction of the arteries or to 
a dilatation of the veins. Perhaps there may be combinations of these 
effects. These possibilities show the difficulty of dealing with this 
subject; still the results are of value when simultaneous records of 
changes of pressure in other parts of the vascular area are taken. 

Results. The results of these experiments on venous pressure may 
be stated very briefly. It was found that in nearly every case a fall of 
arterial pressure resulting from stimulation of the central end of the 
sciatic was accompanied by a rise of pressure in the femoral vein of 
the other leg. In the exceptional cases where no rise was obtained, 
there was either no change in venous pressure or only a slight fall. 
This result can not, under the conditions of the experiment, be a 
passive phenomenon, and I am convinced from a number of obser- 
vations, that the respiratory reflexes can not be regarded as the cause 
of it. It seems to be due to an active dilatation of the vessels of 
the limb. 

The effect on the portal pressure was not so constant, but the result 


1 Brunton and Tunnicliffe (loc. cit.) have shown that when a considerable mass of 
muscle is kneaded there occurs along with the fall of arterial pressure a great increase in 
the outflow from the veins of the muscles kneaded. 
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was usually a fall. Whether this was due to active changes or was 
merely passive seems at present impossible to determine. - Figure 4 
shows these results in one experiment. | 


Fig. 4. Dog. Ether. Vagi intact. Fall of pressure in carotid and 
portal vein, and rise in femoral vein on stimulation of sciatic at 10°. All 
the curves have the same base line; the curves of venous pressure being 
drawn to indicate the pressure in mm, Na,CO,, the curve of arterial pressure 
in mm. Hg. The changes of pressure in the curves must be multiplied by 2 
to obtain the absolute changes. Tracing from right to left. 


All three curves are drawn to a common base line. The arterial 
pressure is expressed in mm. Hg.; the venous in mm. Na,CO, solution. 
To show the absolute changes in pressure the distances of the curve 
must be multiplied by two. Both the fall of arterial and the rise of 
venous (femoral) pressure were slight in this experiment. In some they 
were 20 and 27 mm. Hg. and 20 and 30 mm. Na,CO, respectively, the 
venous pressure being in such cases almost doubled. Similar effects 
upon venous pressure were observed when a fall of arterial pressure 
resulted from cooling and stimulating the ulnar or median. 

It is interesting to compare with these results the effect on arterial 
and venous pressure of stimulating the central end of the vagus. This, 
as is well known, often causes a fall of arterial pressure which has been 
attributed to an inhibition of the vaso-constrictor centre and a con- 
sequent dilatation of the arteries, especially those in the visceral area. 
If this supposition is correct, we should expect to find little or no 
change in the pressure in the femoral vein, while the dilatation in the 
splanchnic area might cause a rise of portal pressure. This is, in fact, 
what was found in a number of experiments (see Figs. 5 and 6). 
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PORTAL 


Fig. 5. Curves similar to above to show changes in portal and carotid 


pressure from stimulation of central end of vagus. Dog. Morphia ne 
Curare. Tracing from right to left. 


CAROTID 


FEMORAL 


Fig. 6. Curves showing changes in pressure in femoral vein and carotid 

from stimulation of central end of vagus. Dog. Morphia and Curare. The 

arterial pressure returned from the fall slowly. Tracing from right to left. 


The rise of portal pressure is often not very marked, but the fact that 
a large fall of arterial pressure may occur without any change in that of 
the femoral vein, indicates that the dilatation in such cases is largely 
elsewhere than in the limbs. It is probably of visceral origin. The 
fall of arterial pressure is sometimes accompanied by a fall in that of 
the femoral vein. This is probably a passive effect. 

Two other experiments indicate that the dilatation occurs elsewhere 
than in the splanchnic area. The first of these was made upon a dog. 
The cceliac axis, the renal and the superior mesenteric arteries and the 
portal vein were ligated ; cooling and stimulating the sciatic continued 
to cause a fall of pressure. In one case the fall amounted to 28 mm. 
The aorta was now tied above the inferior mesenteric and the radial 
stimulated. A fall of pressure was still obtained. In the other experi- 
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ment the out-flow from a branch of the femoral vein was measured ; the 
sciatic of the opposite side was stimulated. In each case the aortic. 


pressure fell on stimulation while the out-flow from the vein was 


increased. Sometimes the increase was,,60°/, There seem to have 


been no changes in respiration as a result of stimulation. 


Part IV. GENERAL CONSIDERATION OF RESULTS. 


The entire subject of reflex vaso-motor actions is so complex and 
so little understood, that the explanation of the above experiments is 
attended with many difficulties. 

In considering the results of these experiments it will be best to 


~ take up, in the first place, the evidence. they afford for the existence in 


ordinary sensory nerves of two sets of afferent fibres to the vaso-motor 
centre, a set of pressor fibres which cause a reflex rise of blood-pressure, 
and a set of depressor fibres, stimulation of which leads to a fall of 
pressure. In the second place, the question as to the manner in which 
the dilatation leading to a fall of pressure is brought about—whether, 
for example, it is due to a stimulation of vaso-dilator fibres or to an 
inhibition of constrictors—may be considered as far as the facts will 
permit. 

Is the reflex fall of blood-pressure due to the action of “depressor 
fibres,” or does it depend upon the condition of the vaso-motor centre ? 

As stated above, the second of these hypotheses seems to have 
gained most credit with physiologists, and there are many facts which 
indicate that the condition of the centres does modify profoundly the | 
result of stimulating afferent nerves. Thus vaso-motor reflexes obtained 
from animals in which the cerebral hemispheres are intact differ from 


those observed when these parts are removed *—a fact which is probably 


explained by the condition of “shock” of the centres in the medulla, 
resulting from the operation. In the experiments recorded in this 
paper, however, where the nerve stimulated was subjected to the action 
of cold, or stimulation was applied to a regenerating nerve, no change 
can be supposed to have occurred in the centre; the action in these 
cases must have been upon the nerve fibres themselves. There are 
other cases, notably those in which certain anzsthetics or other drugs 
are used, where it is difficult to determine whether the centres alone 
are acted upon or whether the nerve fibres are involved. It will be 
best to consider these various cases separately. 


1 See Knoll. Op. cit. p. 456. 


& 
a 
| 
“4 
a 
4 
: 
5 


AFFERENT NERVES ON BLOOD-PRESSURE. 403 


1. Methods by which a reflew fall of blood-presswre can be obtained 
without any change being produced in the vaso-motor centre. 

The chief methods are as follows: 

(1) Stimulation of afferent nerves when cooled, (2) stimulation of 
regenerating nerves, (8) stimulation of nerves which have been sub- 
jected to rough treatment or exposure, (4) employment of weak stimu- 
lation, (5) the mechanical stimulation of muscles. It is apparent at 
once that in none of these cases can the reflex fall of pressure be 
attributed to a change in the condition of the vaso-motor centre; the 
only part of the reflex arc altered by these agencies is the afferent 
nerves. As it is difficult to suppose that the same nerve fibres can at 
one time carry impulses having one effect, and at another impulses 
having exactly the opposite effect (the condition of the centre remain- 
ing the same), the simplest explanation of the fall of pressure in the 
above cases is that there are two sets of afferent fibres; we may 
suppose one set to make such connections with the centres that im- 
pulses passing up it cause a fall of blood-pressure, while the other 
carries impulses producing a rise. 

That there are fibres which affect the vaso-motor centre in such a 
_ way as to cause a fall of blood-pressure, no one doubts, but they are 
usually supposed to come entirely from the heart and to run in the 
special “depressor nerve,” or, if this is wanting, in the trunk of the 
vagus; in the latter case they are mixed with ordinary “ pressor” 
fibres. If the existence of “depressor” fibres is admitted in this case, 
it seems much simpler to explain the depressor effects from other 
afferent nerves in a similar manner. 

Moreover there is a more or less regular salah in the effects 
upon the vaso-motor centre produced by certain nerves. At one end 
we have the depressor of the heart which, according to most observers, 
always causes a fall of blood-pressure; next the vagus of the dog and 
cat, which causes sometimes a fall, sometimes a rise of pressure, and 
the glossopharyngeal, which usually gives a fall; then come such mixed 
nerves as the sciatic, anterior crural, ulnar, median, the intercostals, 
and the dog’s and rabbit’s saphenous, from which depressor effects are 
obtained usually by special means; and finally we have the cat's 
saphenous and the splanchnic, which very rarely under any circum- 
stances, give a reflex fall of pressure on stimulation. It seems almost 
necessary to suppose that the fibres of these various nerves make 
different connections with the vaso-motor centre or centres; if this is 
admitted, then we must admit that the fibres are different in the 
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sense in which we are using the word, that is, they constitute two 
different physiological varieties of afferent fibres. 

The only alternative hypothesis which presents itself would be 
somewhat as follows. We might suppose one nerve fibre to be con- 
nected with both a dilator and a constrictor centre; and perhaps we 
might further imagine that a weak stimulus could reach or excite one 
centre more readily than the other, owing to a difference in irritability. 
In such a case the result of stimulating the afferent fibre would be 
largely determined by such factors as the strength and nature of the 
stimulus and the condition of the centres. But such a hypothesis 
would not explain why, when all the other conditions are the same, a 
depressor effect is obtained so much more readily from one nerve, ¢.g. 
the sciatic, than from another, ¢.g. the splanchnic. Here again we 
should have to suppose a difference in the central connections, the 
fibres of one nerve, for example, making closer connections with one 
centre than do those from the other nerve. And the same argument 
would apply with equal force to the difference between the effects of a 
purely cutaneous and a purely muscular stimulation, the former pro- 
ducing a rise, the latter a fall of- blood-pressure. 

From these considerations it seems impossible to avoid the conclu- 
sion that the afferent nerve fibres which cause a reflex fall of blood- 
pressure are anatomically distinct from those which cause a rise of 
pressure. 

So far nothing has been said as to the exact manner in which the 
separation of pressor and depressor effects are produced in the cases 
where the nerve stimulated has been subjected to cold or exposure, or is 
regenerating. Granting that there are two sets of afferent fibres making 
different connections with the vaso-motor centres, we may suppose that 
a fall of pressure under the above circumstances is produced in one of 
the following ways. 

In the first place, we might suppose that the impulses started in 
both sets of nerve fibres by stimulation are merely weakened by the 
above influences; and if it is further supposed that the dilator centre is 
more irritable than the constrictor centre, then a point might be reached 
at which the former only was able to respond to the weakened stimulus. 
It is well known that different medullary centres do differ in their 
irritability ; the respiratory centre, for example, responds to stimuli too 
weak to affect the vaso-motor centre and, as has been described above, a 
weak stimulus applied to a nerve often causes a fall of —— 
while a stronger causes a rise. 
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But there are several facts which indicate that the weakening of the 
impulses can play but a subordinate part in the cases under discussion. 
For example, a much greater fall of pressure can be obtained when the 
nerve is cooled and stimulated, than can be obtained by the use of a 
weak stimulus alone. Also stimulation of a regenerating nerve may 
_ produce, with the fall of blood-pressure, marked respiratory and cardiac 
reflexes, which indicate that the stimulus could not have been very 
weak, 

We are therefore led to the alternative byhothinle as to the mode of 
action of the above-mentioned agencies in separating the depressor and 
pressor effect, namely, that when the nerve is cooled or is subjected to 
exposure, the pressor fibres lose their power of conducting impulses more 
easily than do the depressor, and that in the case of a regenerating nerve 
the latter class of fibres grow down or become functional earlier than do 
the former. 

This explanation of the action of cold is the one proposed by Howell, 
who gives also several similar instances of the differential action of cold 
upon different nerve fibres combined in a common trunk. As regards 
regenerating nerves, there are already a number of facts which indicate 
that the fibres in a nerve trunk regenerate, as well as degenerate, at 
different rates. Thus, as was mentioned above, Howell finds that when 
the sciatic is cut and the ends sutured together, the vaso-dilators re- 
generate earlier than do the vaso-constrictors; Ostroumoff! showed that 
the vaso-constrictors degenerate more rapidly than do the vaso-dilators, 
and Mott? has recently stated that there is evidence to show that the 
afferent fibres in the spinal cord degenerate at different rates after 
section of a posterior root. 

2. Action of anesthetics.and of curare. It is well known that when 
some anssthetics, notably chloral and chloroform, are employed, the 
usual rise of pressure is often replaced by a fall, while when curare is 
given, a reflex rise is easily and constantly obtained. 

The exact nature of the action of these drugs has not been deter- 
mined, but the usual belief is that the drugs affect the nerve centres. 
-This explanation seems very probable, when it is remembered that 
nerve centres are in general more sensitive to the action of drugs than 
nerve fibres; and that some of these anesthetics, for example chloroform, 
cause a fall of pressure, due most probably to a partial paralysis of the 
vaso-constrictor centre. Still the possibility of a “differential action,” 


1 Ostroumoff. Pfliiger’s Archiv, x11. 228. 1876. 
2 Mott. Brain, Part 1, 1892, p. 2. 
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to some extent at least, upon the afferent fibres, is not disproved. A 
few experiments made by applying some of these drugs (chloral, curare, 
and morphia) directly to the nerve trunk, or by injecting them into it 
_ with a hypodermic syringe, gave negative results as far as any change in 


conductivity or irritability was concerned. But such experiments show __ 


little, for the conditions were very different from those which exist when 
the drug is carried by the blood and the entire length of the nerve is 
exposed to its action. Ether, applied to the nerve, blocked the afferent — 
impulses, but no separation of pressor and depressor effects was ob- 
served 

In this connection may be mentioned again the “ after-effects” on 
the blood-pressure of stimulating afferent nerves, especially in animals 
poisoned by curare or anzsthetised by brain compression. As was 
described above, the rise of pressure so obtained is often followed by a 
marked fall. On the hypothesis that in afferent nerves there are two 
sets of fibres leading to the vaso-motor centre, we may suppose that 
both are excited simultaneously when the nerve is stimulated, but that 
the depressor fibres have a long “after-effect”; hence the fall of pressure 
after the stimulation ceases. This supposition would be similar to the 
one by which Roy and Adami® explain the vagus effects upon the 
heart which occur after the cessation of the stimulation of afferent 
_ nerves (the heart being accelerated during stimulation), and to 
Meltzer’s® theory of the after-effects on the respiratory centre from — 
stimulating the central end of the vagus, according to which the in- 
hibitory fibres exert their influence during, and the inspiratory after, 
stimulation. This after-effect on the blood-pressure often occurs only in 
the early part of experiments on curarised animals. When the fact is 
remembered that curare seems to diminish the irritability of the depres- 
sor mechanism in general (or to increase’ that of the pressor mechanism, 
so that when both are thrown into action the latter predominates), the 
disappearance of the after-effect may be taken to indicate that this 


1 That curare has a marked effect upon the terminations of sensory nerves seems 
 gearcely open to doubt. Heidenhain and Griitzner (Pfliiger’s Archiv, xvi. 54—56, . 
1877) showed that often a slight stimulation of the hair of a curarised rabbit produced a 
much greater rise of blood-pressure than a strong electrical stimulus applied directly to 
the nerve and, as was shown above, a greater fall of pressure could be obtained by kneading 
the muscles of a curarised animal than from one simply anmsthetised; in fact a fall of 
pressure can usually be obtained in this manner from a curarised animal, while cooling and 
stimulating the nerve are usually ineffective. ; 

2 Roy and Adami. Phil. Trans. vol. 183 B, 259. 1892. 

3 Meltzer. New York Medical Journal, 51, p. 59. 1890. - 
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mechanism is rapidly paralyzed or easily exhausted when this drug is 
employed. Though it is not definitely proved, the simplest supposition 
is that the drug acts directly upon the centres; thus the vaso-dilator 
centre may be supposed to be affected before the constrictor centre. 
That the constrictor centre may also be affected is shown by the absence 
of a reflex rise of pressure after a large dose of curare. 

What appears to be the opposite effect, viz, a rapid paralysis or 
exhaustion of the pressor mechanism, is often observed in experiments 
on etherised animals, especially it seems upon rabbits. In such experi- 
ments the effect of the first two or three stimulations may be a rise of 
pressure, after which only a fall can be obtained. The chief factor in 
diminishing the irritability of the pressor mechanism is doubtless the 
direct action of the ether upon the constrictor centre, though the 
possibility of some action upon the afferent nerve fibres can not be 
- excluded. That the latter supposition is possible seems to be shown by 
the fact that, after one sciatic, for example, has been stimulated till a 
reflex fall of pressure is obtained (a rise of pressure having followed the 
stimulations at first), stimulation of the nerve on the opposite side will 
- cause, for a short time, a rise of pressure. This may be taken to indicate 
a weakening of the power to conduct impulses on the part of the pressor 
fibres of the nerve, or, on the other hand, to show that when the con- 
strictor centre is partially paralyzed by the ether, some of its parts are 
still able to respond, for a time, to impulses coming up the pressor fibres 
after other parts have been completely exhausted by stimulation. The 
question which of these suppositions is correct, as well as the entire 
problem of a differential action of drugs upon the afferent fibres, must 
be left, for the present, undecided. 

The nature of the reflex vaso-dilatation resulting from stimulation of 
the sensory nerves. The data for determining the manner in which reflex 
vaso-dilatation is brought about, whether by an inhibition of constrictors 
or by a stimulation of dilators, or by both agencies, are too few to make 
speculation of much value. But it at least seems very probable, that 
the mechanism concerned when the fall of pressure results from stimula- 
tion of ordinary sensory nerves, is different from that called into play in 
the dilatation resulting from stimulation of the depressur or of the vagus, 
In the former case the dilatation occurs to a much greater extent in the 
muscular system, and to a less extent in the splanchnic area, than is the 
case with the latter nerves. Another point of difference is the effect of 
curare in the two cases: while this drug usually makes it difficult or 
impossible to obtain a fall of pressure from stimulating the sciatic and 
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similar nerves, it seems to have little or no effect upon the reflex fall 
_ from stimulation of the depressor or vagus. Both these points of differ- 
ence are readily explained, if we assume that the dilatation following 
stimulation of the depressor or the depressor fibres in the vagus is due 
to an inhibition of the constrictor centre, while that following stimulation 
of the sciatic and similar nerves is due to a stimulation of the dilator 
centre, since in a fall of pressure produced by the latter method we 
should expect the dilatation to occur chiefly in the muscular system where 
the dilator fibres predominate, while if the fall of pressure resulted from 
an inhibition of constrictor fibres we should expect the dilatation to 
occur mainly in the great splanchnic area where the constrictor fibres 
predominate. So also the action of curare in the two cases is explained 
on the above assumption, since it is well known that this drug in the 
usual doses increases the irritability of the vaso-constrictor centre, and 
we should therefore expect that it would not prevent the occurrence of 
a dilatation due to an inhibition of the constrictor fibres as we assume 
to: be the case with the depressor nerve; whereas curare, according to 
Gaskell?, Eckhard® and v. Frey *, diminishes the irritability of the 
dilator fibres and should therefore tend to destroy or weaken a dilatation 
due to a reflex stimulation of the dilator fibres as we assume to be the 
case in the fall of pressure caused by stimulation of the sciatic, etc. 

The different effects obtained from stimulation of various nerves in 
animals in which the blood-pressure has fallen as a result of the admini- 
stration of ether or chloroform, or after exhausting operations, are also 
more easily explained by this view. Some of my records show that 
while the blood-pressure was high, stimulation of the vagus caused a 
marked fall of pressure, that of the sciatic a rise; when, however, the 
pressure had fallen after the administration of ether or the opening of 
the abdominal cavity, stimulation of the vagus no longer caused a fall of 
pressure, while there was often a marked fall from stimulation of the 
sciatic. If we suppose, therefore, that the fall of pressure from stimula- 
tion of the vagus is due to an inhibition of the constrictor centre and 
that after etherisation, exhausting operations etc., this effect disappears 
in consequence of a partial paralysis of the vaso-constrictor centre, the 
continuance, and indeed augmentation, of the depressor effect upon 
stimulation of the sciatic under these conditions can scarcely be referred 
to an inhibition of the constrictor centre, since this is apparently in a 


1 Gaskell. This Journal, 1, 278. 1878—9. 
2 Eckhard. Beitrige z. Anatomie u. Physiologie, vu. 75. 1876. 
3 v. Frey. Ludwig’s Arbeiten, 1. 89, 1876. 


a 
3 
¥ 
4 
‘ 
4) 
4 
+ 
; 
& 
; 
Bs 
| 


AFFERENT NERVES ON BLOOD-PRESSURE. 409 


condition of depressed irritability. Hence the alternative view, that the 
fall of pressure is due to a reflex stimulation of the dilator fibres, seems 
more probable in these cases also’. : 

If we adopt this view it would be better to use the word ‘depressor’ 
in its original sense, t.e. to denote all afferent nerve-fibres producing 
dilatation by inhibiting the constrictor centre; and to use some other 
term, such as “reflex vaso-dilator ” (which was employed by Howell), 
in those cases where the fall of pressure is produced se the stimulation 
of dilator fibres. 


SUMMARY OF RESULTS. 


(1) A reflex fall of blood-pressure was obtained upon stimulation of 
the sciatic and other mixed nerves by the following methods. 

(a) Stimulation of nerves which had been subjected to the action — 
of cold. 

(b) Stimulation of regenerating nerves. 

(c) The use of weak stimulation. 

(d) The mechanical stimulation of nerves ending in muscles. 

(2) In none of the above cases can the result be attributed to an 
abnormal condition of the vaso-motor centre. 

(3) There is very stron evidence for the view that there are 
“depressor” or “reflex vaso-dilator” fibres in the sciatic and similar 
nerves. 

(4) When a mixed nerve is cooled or is subjected to exposure, these 
fibres retain their power of conductivity longer than do the “ pressor ” 
fibres; when the nerve is cut and sutured, they regenerate earlier than 
do the latter. 

(5) Anesthetics and curare have a marked effect upon the ease 
with which a reflex fall of pressure is obtained ; ether, chloroform and 
chloral are favourable, curare unfavourable, to ite occurrence. ” 

(6) The action of these drugs is probably largely upon the centres; 
the above-mentioned anesthetics probably paralyzing the constrictor, 
curare the dilator centre. 

(7) The fall of pressure from stimulation of the sciatic and of simi- 
lar nerves is of a different nature from that resulting from stimulation of 

1 Bayliss (This Journal, xrv, 322. 1893) supposes that the fall of pressure following 
stimulation of the depressor nerve or the depressor fibres in the vagus is due mainly to a 
stimulation of the dilator centre, while the similar fall from stimulation of the anterior 


crural is due mainly to an inhibition of the constrictor centre, but it is difficult to discover 
in his paper from what evidence he draws this conclusion. 
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the depressor or vagus; in the former case the dilatation occurs largely 
in the limbs and curare is distinctly unfavourable to its occurrence; in 
the latter case the dilatation occurs to a much less extent in the limbs 
and curare does not seem to materially affect the ease with which it is 
obtained. 
(8) The fall of pressure following upon stimulation of mixed nerves 
is probably due to a reflex stimulation of dilator fibres. 
(9) ‘It seems desirable to apply the name “ depressor” only to those 
fibres which inhibit the vaso-constrictor centre and to use “ reflex vaso- 
dilator” for the fibres exciting the vaso-dilator centre. . 


In conclusion I desire to express my sincere thanks to Prof. Howell, 
at whose suggestion this work was undertaken and to whom I am in- 
debted for much aid and many valuable suggestions. 
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ON TRANSPIRATION OF CARBON DIOXIDE THROUGH 
THE SKIN OF THE FROG. By E. WAYMOUTH 
REID, Professor of Physiology, AND FRED. J. HAMBLY, 
_ Demonstrator of Chemistry, in University College, Dundee, N.B. 
(Three Figures in Text.) 


I ntroduction. 


Ir is generally accepted that the exchange of gases that constitutes the 
process of external respiration, is the direct result of a maintained 
difference of tension on the two sides of the respiratory septum, a 
conclusion that rests in the main upon the results of the well-known 
researches of Pfliiger, and his pupils Strassburg, Wolffberg, and 
Nussbaum upon the respiration of mammals, by the aid of the 
pulmonary catheter and aerotonometer. 

Bohr has however of late doubted the validity of these results, and 
maintained that in an animal exhaling carbon dioxide and absorbing 
oxygen, the CO,-tension of the blood is often below, and the O,-tension 
above that of the alveolar air, from which he concludes that a “secretory 
process ” must be assumed to occur in the pulmonary epithelium. These 
results of Bohr’s have been recently challenged by Fredericq, who 
again adduces evidence in favour of the older view. 

The possibility of gaseous diffusion being interfered with or specifi- 
cally aided by the action of a living membrane, must of course be 
admitted in the light of the story of the composition of the gas mixture 
in the swim-bladders of many fish, worked out by Biot, Moreau, 
Hiifner and others, and Bohr has recently shown that this “gas 
secretion” is in the case of the cod’s swim-bladder under the influence 
of the nervous system, finding that section of the intestinal branch of 
the vagus interferes with the re-collection of gas that normally follows 
evacuation by puncture; but the swim-bladder is not a respiratory 
organ, at any rate in the cases of the genera in which its gas content 
has been analysed, and we cannot apply the results of the investigation 
of it to the elucidation of the processes of pulmonary respiration. 
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In the frog, respiration is partly pulmonary and partly cutaneous, 
Not only is it evident from anatomical considerations that the skin must 
take part in respiration, but there is distinct physiological evidence of 
the fact. The estimations of the production of carbon dioxide by lung- 
less frogs by Berg, in whose dissertation the older literature will be 
found, demonstrate the fact of cutaneous respiration, and Dissart has 
recently given evidence of the process in his experiments with frogs, 
in which the cutaneous or pulmonary vessels were ligatured and the 
CO,-production observed. Both cutaneous and pulmonary respiration 
are necessary to the animal, and though the two are of different value 
at different periods of the year, the removal of either in the end leads 
to death’. 

The respiratory skin of the frog is easily prepared for experiment, 
and since its tissues live for many hours after removal from the animal’s 
body, it appeared to us that a study of the process of transpiration of 
gas across it, might possibly throw some light on the question as to 
whether or no there is any “secretory action” in a simple respiratory 
act. 

If matters are so arranged that one of the respiratory gases tends by 
the physical conditions of the experiment, «.e. by superior partial 
pressure, to pass across the tissues of the living skin, in one instance 
from without inwards, in the other from within outwards, then, without 
the intervention of any “secretion,” in a given time the volume of the 
gas that passes across equal areas of skin should be equal in the two 
cases. If however there be any “ physiological action” on the part of 
the epithelium, then the volume passed in the normal direction of 
respiration (for carbon dioxide, from within outwards) should exceed 
that in the contra-normal direction (for carbon dioxide, from without 
inwards). | 

Obviously if carbon dioxide is used as the test gas, its percentage in 
the mixtures employed must not be allowed to rise high enough to exert 
a deleterious action on the tissues of the skin. We therefore made — 
a few experiments on the duration of the movements of the cilia of 
ciliated epithelium from the pharynx of the frog, in air holding various 

1 The experiments of Marcacci seem to show that the bucco-pharyngeal mucosa is 
also respiratory in the frog, and may help to protect the lungless animal from asphyxia- 
tion, but even when the ventilation of the bucco-pharynx is prevented by obstruction of 
the hyoidean movements, carbon dioxide is found to be exhaled by the skin. In the 
naturally lungless salamander Sperlepes fuscus and in Salamandrina perspicillata, whose 


lungs are rudimentary and functionless, Camerano finds that the bucco-pharyngeal is 
of more importance than the cutaneous respiration. 
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percentages of carbon dioxide, and finding that the motion was active 
after 18 hours’ residence of the cells in a gas chamber holding air with 
2°3 °/, of carbon dioxide we adopted this as a safe maximum. 

In order to eliminate the difficulty of obtaining strictly comparable 
pieces of skin it was decided to use two pieces of skin from the same 
frog and perform the two experiments simultaneously in duplicate 
apparatus. This procedure necessitated the construction of apparatus 
of such size as could be used with half the area of skin available from 
an average frog, and consequently of working with comparatively small 
volumes of gases. 


Description of Apparatus and Method of Eaperiment. 
The apparatus used (represented in Fig. 1) is made up of two parts, 
A and B, each consisting of a glass cylinder 13 mms. in internal diameter 
and about 30 mms. long, closed at one end and carrying two capillary 
tubes with taps, one of the tubes coming to within about 3 mms. of 


1, 


the open end of the cylinder.. The open ends are cemented into ebonite 
flanges (shown enlarged to twice the actual size in Fig. 2). The 
duplicate apparatus CD (Fig..3) is precisely similar to AB, and in 
the sequel the ee of AB also applies to CD. The capacities of 
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A, B, ©, and D, from taps to flange in each case, were determined 
by means of mercury, and are as follows:— __ 
A, 382cc. B, 384cc. C, 411 cc. D, 4°08 cc. 


The flanges of A and C are 32 mms. in diameter, and have grooves 
upon their outer edges (Fig. 2) for the purpose of tying the prepared 
skin over them. 


Mercury 


Fie. 2. 


The skin of the frog was prepared in the following manner. The 
animal freshly taken from a ranarium in the garden was pithed, a 
cannula tied in the aorta, and the sinus laid open. Normal saline 
solution was then circulated through the vessels till the frog was 
thoroughly washed out. The object of this step was to start the experi- 
ment clear of the blood gases. The skin was now carefully removed and 
after a wash in normal saline, divided down the mid-dorsal line, so that 
each apparatus (Fig. 3) had half the animal’s skin. 

For convenience of tying, the skin was always attached to the flanges 
of A and C with the «inner surface against the ebonite, hence throughout 
the series of experiments the gases in A and C were in contact with the 
inner surface of the skin. A and C, with the skin attached to them, 
fitted into the cup-shaped flanges of Band D respectively, and AB, CD 
were firmly clamped together by means of steel screw clamps (h). The 
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two pieces of apparatus were now supported with A and C uppermost, 
and to further ensure the joints being gas-tight the cup-ilanges were 
filled with mercury. 

By means of the capillary tubes any gas mixture*could thus be led 
over either surface of the skin, and by connecting the taps M or WN (Fig. 1) 
to a mercury reservoir (Fig. 8, g) at a higher level, the gases in the 
chambers could be separately collected for analysis by means of a small 
mercury trough (Fig. 3, q), from the bent glass tubes 0, p, attached by 
rubber tubing to the taps 0, P. (Fig. 1.) 

The arrangement for filling the apparatus with gases for an experi- 
ment is illustrated in Fig. 3. The gas chambers A and J, closed by 
inner and outer skin surfaces respectively, were connected by a glass 
tube, as also were C and B. The aspirator (8) was attached to B, and C 
connected with the outside air. The air was freed from carbon dioxide 
by passing through a U tube (XK) filled with glass beads moistened with 
a concentrated solution of caustic potash, and finally washed with 
distilled water in the glass bulbs & (In Fig. 3 k has inadvertently 
been placed before K instead of after.) The carbon dioxide was pre- 
_ pared in the usual way from marble by the action of pure dilute 
hydrochloric acid and washed through sodium bicarbonate solution 
and distilled water. The quantity necessary to give the required pro- 
portion in the ‘gas mixture’ was measured in a ‘Lunge Nitrometer’ and 
introduced at r into the mercury gas-holder RR’. The gas-holder was 
then filled with air at atmospheric pressure and the gases thoroughly 
mixed by shaking with the mercury. The mixture thus prepared was 
then passed through the gas chambers D and A under a pressure of 
about 2 cms. of mercury and allowed to bubble through mercury in the 
small trough g, simultaneously with the passing of the CO,-free air 
through C and B. 

When about five-sixths of the ‘gas mixture’ had been passed 
through the apparatus a sample was collected in a test tube at gq, 
and a second sample when nearly the whole had been passed: in every 
case the percentage of carbon dioxide was found by analysis to be the 
same in both samples, thus proving that the air originally present in D 
and A had been completely replaced by the ‘gas mixture.’ 

As soon as the second sample of the ‘gas mixture’ had been 
collected the gas-holder tap and the aspirator clip were closed, then 
the eight taps of AB, CD, and the time noted as that of the commence- 
ment of the experiment. The connecting tubes were at once removed, 
and the pressure brought to that of the atmosphere by momentarily 
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opening one of the taps attached to each gas chamber. The tempera- 
ture and pressure were now noted in order that the quantities of gas 
might be reduced to comparable volumes for the whole series of ex- 
periments. 

In order to ascertain whether any appreciable changes in the volumes 
of the gases took place during the progress of the experiment other 
than those produced by variations in temperature, the ends of the tubes 
from the taps M, NV (Fig. 1) were ground to fit the conical ends of the 
tubes m, n. These small tubes half filled with ‘1°/, solution of sodium 
oleate acted as efficient manometers, thus giving the means of estimating 
any volume changes in the confined gases from the observed variations 
in pressure. The manometers were attached after the apparatus had 
been filled with gases for the experiment; the taps M, N were opened 
at intervals and the readings taken, but we have been unable to detect 
any regularity in the slight pressure changes observed. 

At the end of the time allotted to the experiment further transpira- 
tion was stopped by covering the surface of the skin in A and C with 
mercury admitted from the reservoir g, through the tap M. The 
mercury reservoir was now connected to NV and the gases in B and D 
collected in test tubes over mercury, and then the gases in A and C. 

It appears as a possible objection to the method by which the gas 
chambers were filled for the experiment, that during the time of passing 
the ‘gas mixture,’ carbon dioxide would be transpired through into the 
chambers assumed to contain CO,-free air at the commencement of the 
experiment. Such a transpiration aided by the difference in pressure 
on the two sides of the skin must undoubtedly have gone on, but any 


_ carbon dioxide thus introduced into C or B would have been rapidly 


swept on to the aspirator. In order to obtain some idea as to the 
amount thus passed through the skin, the air before entering the 
aspirator was washed through about 1 cc. of barium hydrate solution 
contained in a small test tube (¢, Fig. 3).. The turbidity produced by 
aspirating about two litres of air (the average quantity used in each 
experiment) through K, C, B, was barely perceptible, being very much 
less than that produced by an equal volume of outside air. The 
quantity of carbon dioxide present in B and C at the commencement of 
the experiment was therefore less than ‘04°/,, and has been neglected 
in our calculations, though it will tend to slightly raise the ‘CO,-pro- 
duction’ of the skin as calculated from our results. 
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Analysis of Gases and Treatment of Results. 


It was our original intention to investigate the behaviour of living 
frog skin with a number of different gases, ¢.g. oxygen, nitrogen, carbon 
monoxidé, and our apparatus was designed for that purpose. Finding 
however the transpiration in the case of carbon dioxide to be purely 
physical we have not proceeded to investigate the action with other 
gases. For experiments with mixtures of carbon dioxide and air only, 
an apparatus similar to that recently described by Frost Blackman 
for investigating the gaseous exchanges in leaves, would be preferable 
as larger volumes of gases can be dealt with, if it be only desired to 
estimate variations in the amount of carbon dioxide. 

For the analysis of the small volumes of gases at our disposal we 
have employed a modern form of the well-known Frankland gas 
apparatus. The measuring tube was of small bore, and the capillary of 
the laboratory vessel had etched upon it a mark to which the mercury 
or potash solution was taken. The tap at the top of the measuring 
tube was always turned when the gas was approximately at the volume 
at which its pressure was to be measured, so that the quantity of gas in 
the capillary between the taps was the same in both measurements. 
Using rather less than 4¢.c. of gas we have been able to obtain two 
analyses differing by less than ‘1 °/, or with a maximum error upon two 
measurements of ‘002.c.c. Such duplicate analyses were made in every 
case, each experiment therefore involving ten satisfactory analyses. 

From the percentage of carbon dioxide found in the samples of the 
‘gas mixture,’ the known capacities of A and D, and the observed 
temperature and pressure, the volumes of dry carbon dioxide at N.T.P. | 
in each apparatus at the commencement of the experiment is calculated. 
In the same way, from the percentage found in the gases collected from 
A, B, C, and D, at the end of the experiment, the volumes of dry carbon 
dioxide in each is also calculated. 

The difference between the sum of the volumes found in A and B 
at the end, and the volume in A at the beginning of the experiment, 
gives the volume of carbon dioxide produced by the skin in the time. 
In the same way the CO,-production in CD is ascertained. The areas, 
and presumably the weights, of skin in each apparatus being the same, 
the CO,-production in AB should be the same as that in CD, and the 
degree to which these CO,-productions approximate to one another 
affords a means of judging the general accuracy of the results of the 
whole experiment. The transpiration takes place so rapidly that it 
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may fairly be assumed for our present purpose that the CO,-production 
is equal upon the two surfaces of the skin. Then, half this CO,- 
production, deducted from the volume of carbon dioxide found in the 
gas chamber originally filled with CO,-free air, gives the volume of 
carbon dioxide transpired through the skin in the time of the experi- _ 
ment. | 
_. Some of the results obtained, calculated upon this basis, are collected 
in Table I. 

The first of these experiments shows that when matters are allowed 
to take their course for a period of six hours the difference of partial 
pressure of carbon dioxide on the two sides of the skin established at 
the start of the experiment, has been nearly nullified by transpiration 
of the gas from A to B and from D to C. | 

In the second experiment lasting for three hours the differences 
between the percentages of carbon dioxide in the vessels, noted in 
column V., is more marked, 7.¢. equalisation is not so complete as in the 
former case. It may at once be noted that the figures in column VII. 
show that the amount of carbon dioxide transpired in the two directions, 
from inner to outer and from outer to inner surface, is practically equal. 
Since it was an obvious condition of our experiment that the transpira- 
tion should be stopped at as early a period before equalisation of the 
percentage of carbon dioxide on the two sides as was consistent with 
accurate analyses of the gas mixtures in the two portions of each 
apparatus, and in order to give any hypothetical “vital action” the 
fullest chance, we decided to raise the percentage of carbon dioxide to 
2°/, (in accordance with the statement concerning ciliated epithelium 
on p. 412) and to adopt a period of only one hour. 1°/, carbon dioxide 
is naturally less depressant to protoplasm than 2°/,, but the amount 
transpired in an hour with 1°/, mixtures we found to be too small to 
ensure the accuracy of analysis aimed at throughout. 

The four following experiments in the table, Nos. III. IV. V. and 
VL., give the details of such experiments over a one hour period when 
the skin had been washed out with normal saline solution. 

Experiment VII. gives the numbers in a perfectly similar experiment, 
with the exception that the blood vessels were not washed out, the skin 
being merely stripped from the frog and bathed in normal saline. 

A glance at the figures in column VII. appertaining to these 
experiments shows that there is no marked difference between the 
quantity of carbon dioxide transpired from the inner to the outer 
surface and that passed from the outer to the inner surface. In fact 
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the numbers for the first seven experiments with normal skins in | 
column VII. added together give, 


Direction of transpiration. | Carbon dioxide transpired. 
Inner to outer surface 140cc. 
Outer to inner surface "146 c.c. 


Having seen this result it was hardly necessary to proceed further, 
nevertheless we made a few experiments with dead skins and include 
_ two of them, Expts. VIII. and IX., in the table. The results accorded 
with our expectation, and, as is evident in the table, there is no 
difference as regards the relative quantities of carbon dioxide transpired 
in the two directions, between such experiments and those conducted 
with still living skin. 

The only other point to which we think it necessary to refer is that 
the carbon dioxide production by the skin itself during its sojourn in 
the apparatus (the method of estimating this has already been stated) 
is subject to variation. Individuality and thickness of skin of course 
affect this value, but the temperature at which the experiment is 
conducted has, as we should expect, a marked effect. 

The production of carbon dioxide in Expts. V. and VI. at a 
relatively high temperature may be compared with Expt. IV. worked 
on a colder day.. 

In the dead skin moreover during the first hour after removal from 
the frog, the production of carbon dioxide is low, and this is even more 
marked in Experiment IX., where the frog was washed out with ‘5 °/, 
solution of sodium fluoride than in VIIL, where distilled water was the 
destructive re-agent; the well-known antiseptic action of the salt has 
possibly to be considered in such cases. 

Thus when air holding carbon dioxide up to 2°/, is placed in 
contact, in the one case with the outer, in the other with the inner 
surface of freshly removed frog’s skin, treated in equal areas and from 
the same animal, the opposite side of the skin being in both instances 
exposed to pure air, the quantities of carbon dioxide which transpire in 
a given period through the tissues of the skin, are practically the same 
in the two cases, 

We therefore conclude that in the case of the respira- 
tory skin of the frog, there is no evidence, from experiments 
performed by the method we have used, of any physiological 
action by virtue of which carbon dioxide is “secreted” 
during the respiratory process. : 
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APPENDIX. 


The results noted in the tables in this appendix have no very direct 
bearing upon the main point of this paper, but nevertheless present 
certain points of interest. They were not obtained with the apparatus 
figured, but with one of larger construction in which the skin formed a 
diaphragm between two vessels filled with gas of the same composition, 
either CO,-free air, or air containing a small percentage of added car- 

bon dioxide. | 

| As far as we are aware, Valentin is the only experimenter who has 
studied the CO,-production and O,-absorption by the skin of the frog. 
His apparatus though suitable for a study of the gas exchange between 
excised muscle and air, he admitted was not so for skin, as he used it 
(stripped from the leg of the frog), on account of the fact that the error 
in gauging the volume occupied by such a mass of skin was sufficiently 
great to interfere with the accuracy of the determinations. In our 
apparatus the skin formed a diaphragm between two gas chambers 
after the manner of that already described, and we were therefore able 
to estimate the volume with considerable accuracy. We find as did 
- Valentin that the volume of oxygen absorbed in a given time exceeds 
that of carbon dioxide produced, but the number expressing the ratio 
of oxygen absorbed to carbon dioxide produced is by no means so large 
as that given by this observer. The mean for this ratio as shown in 
Table II. is 1°84, and therefore very comparable with that found in the 
case of frog’s muscle under similar circumstances’. — 


Tasie II. 


CO,-production and O,-absorption by 5:4 sq. cms. of frog’s skin during 
| 24 hrs. in CO,-free air. 


No. of Temperature CO, produced | 0, absorbed | Q, pe ON 
Expt. Variation iN ¢,¢8, in CO, produced 
165—18°5 123 344 279 

XI ‘141 "351 2°49 
XII 16—18 ‘230 ‘417 181 
16—18 “457 ‘790 
XIV 15—17°5 ‘640 ‘907 1-42 

XV 15—17°5 ‘431 695 161 
XVI 15°5—17 “463 ‘716 1°54 
XVII 15—17 189 ‘247 1°31 


1 In the two experiments given by Valentin the ratio is heels enormously high, 
viz. 13°18 and 19°8. 
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It will be noted also that the production of carbon dioxide and 
absorption of oxygen is subject to considerable variation in different 
individuals; since the experiments were conducted at temperatures 
which, from a physiological point of view, present trifling variations, 
these variations must be due to differences in thickness of the skins 
(a marked feature in different frogs) and differences of physiological 
activity of the gland and epidermic cells or rate of putrefaction of the 
surface scales. 

In the third table we insert similar experiments to those of Table IT. 
but restricted to periods of 12 hrs. instead of 24 hrs. — 


ITI. 


00, grodudizon ond O,-absorption by 5:4 sg. cms, of frog's skin during 
12 hour periods in CO,free air. 


Ratio 

No. of | Temperature absorbed 

XVIII} 15—17 | -063 | 2-63 | 
XIXA| 12-13 082 | 90 post mitten 
Pos 
XIX B| 115—135| 053 | ‘121 | 2-28 Second 12 hrs. 
XX B | 10-3—11:3 | -055 098 1:78 post mortem 
XXI 16—17 107 242 2:26 Third 12 hrs. 
XX C | 10°5—11'5 ‘067 133 2-00 post mortem 


In this table Expts. XIX. A and XIX. B are two successive twelve 
hour periods with one and the same piece of skin; while Expts. XX. A, 
XX. B and XX. C give the results of three successive twelve hour 
experiments with the same piece. 

It is noticeable that the CO,-production and O sheaitaies3 is less 
during the second period than the first, while in the third period 
(XX. C) it again rises. We imagine that during the first twelve hours 
the gas exchange is largely due to tissue respiration, during the second 
to diminishing tissue respiration and increasing putrefaction, while in 
the third it is mainly putrefactive. 
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FURTHER OBSERVATIONS REGARDING THE AN- 
TAGONISM BETWEEN CALCIUM SALTS AND 
SODIUM POTASSIUM AND AMMONIUM SALTS. 
By SYDNEY RINGER, M_D., F.RS. 


(From the Physiological Laboratory, University College, London.) 


IN previous communications I have drawn attention to the mutual 
antagonism between calcium and potassium salts on the frog’s heart’ 
and their antagonism on the entire organism in the case of tubifex?, 
also to the antagonism between calcium salts on the one hand and 
sodium and potassium salts on the other! on the clotting of blood. In 
this paper I continue the subject and shall show that an antagonism 
exists between calcium salts and sodium and potassium and ammonium 
salts as regards their influence on muscular contraction (frog’s heart) 
and on the clotting of milk by rennet. 

In view of Dr Locke’s recent important and interesting inves- 
tigations®, I may state that the distilled water I have used and 
experimented with was in all cases obtained from a distilling apparatus 
made of metal. 


on clotting of 


In these experiments the milk was diluted with three parts of 
distilled water. This mixture (with most specimens of milk) with 
rennet‘ and heated to 50°C. will not clot. The calcium salts are so 
diluted that they are unable to cause clotting (precipitation of casein), 
which however readily occurs on adding a few drops of a 10°/, solution 
of calcium chloride. In this respect the clotting of milk is similar to 
the clotting of blood and the contraction of the heart muscle. If 


1 This Journal, x1. 369. 1890. 2 This Journal, xvi. 1. 1894, 

3 This Journal, xvi. 319. 1895. 

* The rennet was prepared by Martindale and was free from calcium salts. A 10°, 
CaCl, solution was employed. ; 
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blood be sufficiently diluted it clots very slowly or not at all, but a clot 
can be speedily produced by adding a calcium salt like calcium chloride’. 

Five test-tubes each received 15 c.c. of diluted milk, 1 in 4 To 
2, 3, 4 and 5 were added respectively 5, 10, 15 and 20 drops of 10°/, 
solution of sodium chloride and to 1, 2, 3 and 4, 20, 15, 10 and 5 
drops of distilled water. Then to each solution was added five drops of 
rennet and the tubes were placed in a bath of 50°C. After 20 minutes 
the bath was heated to boiling point, but none of the specimens clotted. 
The tubes were then cooled and I added to each six drops of 10°/, 
CaCl, solution but no clotting occurred at the temperature of the room. 
The test-tubes were then placed in a bath of 50°C. In about six 
minutes the fluid in 1 became granular, the milk in the other tubes 
(i.e. those containing NaCl solution) remained unchanged. Next 
morning, twenty hours later, the first tube contained a contracted 
clot. The rest, 7.e. those containing NaCl solution, were unclotted. 

Another six drops of calcium chloride were added to each of these 
tubes and they were placed in a bath of 50°C. for ten minutes, none of 
the milk clotted. Next morning, about twenty hours later, these tubes 
contained no clot but only a slight granular deposit decreasing in 
amount with the increase in the quantity of sodium chloride. 

In this experiment the tube which received no sodium chloride — 
clotted with six drops of calcium chloride solution in about five minutes, 
whilst this quantity of calcium chloride was unable to clot the milk in 
the tubes containing five drops and upwards of sodium chloride. An 
addition of six drops of calcium chloride with the aid of a temperature 
of 50°C. was only able slowly to cause a slight granular deposit most 
marked in those tubes containing least sodium chloride. 

Similar experiments were made with potassium chloride. Placed 
in a bath of 50°C. in a quarter of an hour none were clotted. The 
tubes were then cooled, six drops of calcium chloride solution were 
added to each tube and the tubes were again heated to 50°C. In two 
minutes the tube, without potassium chloride solution, and those con- 
taining five and ten drops respectively clotted, and in seven minutes 
the milk containing fifteen drops of potassium chloride solution also 
clotted. After three hours the fluids remained in the same state 
except that the clot in the milk containing fifteen drops of potassium 
chloride solution was small and not-so firm as in the tubes containing 
less potassium chloride. Six drops of calcium chloride solution were 


1 This Journal, x1. 369. 
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added to the tube containing twenty drops of potassium chloride solu- 
tion and the tube was placed in a bath of 50°C. The milk speedily 
clotted. This experiment therefore shows that there is a well-marked _ 
antagonism between potassium chloride and calcium chloride, but 
potassium chloride antagonises calcium chloride much less than sodium 
chloride. 

Similar experiments to the preceding were made with ammonium 
chloride. The tubes were placed in a bath of 50°C., in fifteen minutes 
none of the specimens were clotted, six drops of calcium chloride 
solution were added to each tube after the fluid had been cooled and 
the tubes were again placed in a bath of 50°. In five minutes the 
milk in the three first tubes, 2.¢. that without ammonium chloride and 
those with 5 and 10 drops respectively, were clotted, after an interval of 
30 minutes, the fluids having been cooled, three drops of calcium 
chloride solution were added to tubes 5 and 6, and these were placed in 
a bath of 50°, but this did not cause clotting. After two hours another 
three drops of calcium chloride solution were added and the tubes 
placed in a bath of 5°, the milk in both speedily clotted. 

In clotting of milk by. rennet two distinct processes occur which can 
be dissociated’. Rennet converts caseinogen into casein (gerinnung) 
which remains in solution unless enough calcium salt is present to 
produce clotting (abscheidung). For if caseinogen is precipitated by 
acetic acid and the precipitate is well washed and then rubbed in a 
mortar with calcium carbonate, on the addition of distilled water the 
precipitate dissolves into a milky solution. On adding rennet to some 
of this and heating to 40 or 50°C., no clotting occurs, but the chemical 
change (gerinnung) from caseinogen to casein has been induced, for if 
the solution be boiled and the rennet thus destroyed, and the solution 
cooled, on the addition of a calcium salt, such as calcium chloride, and 
heating to 30° or 40°C. a clot speedily forms. The rennet produces the 
chemical change by which caseinogen becomes converted into casein, 
but this remains in solution till on the addition of calcium chloride 
there is first produced a granular condition of the fluid, and then these 
granules unite to form a well-marked clot. 

The antagonism between calcium salts and sodium, potassium and 
ammonium salts is limited to the precipitation of the casein as a clot 
and does not affect the chemical change. from caseinogen to casein. 
This is shown in the previous experiments where, after heating to 50° 


1 This Journal, xu, 164, 
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for some time, the various fluids were boiled and so the rennet 
destroyed, yet after cooling and adding calcium chloride and warming 
the solution to 40°C., a well-marked clot occurred. The rennet con- 
verted caseinogen into casein, but this remained in solution until 
sufficient calcium salt was added to antagonise the sodium or potassium 
or ammonium chloride when a clot was formed. 


Antagonism on the Frog’s heart. 


I have already shown that calcium and potassium salts are mutually 
antagonistic in respect of their action in the frog’s heart. If the frog’s 
heart is supplied with a suitable circulating fluid such as calcium 
triphosphate and potassium chloride, and then a solution of potassium 
is added the beats speedily grow weaker and at last contractility ceases, 
but is completely restored on adding a sufficient quantity of calcium 
chloride. 

A similar antagonism exists between sodium chloride and calcium 
chloride and between ammonium chloride and calcium chloride. 

I perfused the ventricle with 200c.c. of phosphate of calcium cir- 
culating fluid and then added successive quantities of 10°/, solution of 
sodium chloride. On reaching 16 c.c. of sodium chloride solution the con- 
traction had become very weak, but the contractions completely recovered 
on the addition of 4¢.c. 1°/, solution of calcium chloride. 

Calcium chloride also antagonises the action of ammonium chloride, 
but the antagonism is not so pronounced as with potassium chloride and 
sodium chloride. 

The following experiments show that there is a well-marked antagon- 
ism between calcium bicarbonate’ and sodium chloride and between 
calcium bicarbonate and ammonium chloride, on tubifex*. 

A series of experiments were made. Seven beakers each received 
200 c.c. of a solution of calcium bicarbonate’ and six beakers received 
200 c.c. of distilled water. Into the second to the seventh and into the 
eighth to the thirteenth beaker was added in an ascending scale from 
5c.c. to 10c.c. of 10°/, solution of sodium chloride. We thus tested the 
antagonism between calcium bicarbonate and sodium chloride and had 
control experiments with sodium chloride alone. In five hours the 
tubifex in sodium chloride solution were quite motionless, whilst 
those in the first beaker containing calcium bicarbonate solution alone, 


1 Made by passing carbonic acid through equal parts of lime water and distilled water 
and then filtering. 
2 Calcium salts similarly antagonise potassium salts. See This Journal, xv1. 1. 
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and the second to the seventh beaker those containing calcium bicar- 
bonate solution with different quantities of sodium chloride, were quite 
active on the fifth day. 

In another experiment we increased the quantity of sodium chloride 
to 12, 14, 16 and 18c.c. respectively, and on the fifth day the tubifex 
were quite natural. : 

_ As with potassium chloride so with sodium chloride, the arrest of 
movement with these large quantities of sodium chloride is not due to 
disintegration of the animal, for the animals remain entire, and even 
after two days of complete paralysis, if placed in tap water, quite re- 
covered, hence the arrest of movement is due to the action of sodium 
chloride and potassium chloride on the tissues after absorption and this 
action is antagonised by calcium bicarbonate. 

Similar experiments were made with ammonium chloride. A dis- 
tinct antagonism occurred, but it was much more limited than with 
sodium chloride, for with this the calcium bicarbonate solution antago- 
nised a solution containing one part of sodium chloride to 120 parts of 
calcium bicarbonate solution and probably could have antagonised sodium 
chloride in stronger solutions, but none stronger were tested. With am- 
monium chloride, the calcium bicarbonate solution only antagonised one 
part of ammonium chloride in 1000 parts of calcium bicarbonate solution. 

In these experiments I find that in the clotting of milk, sodium 
chloride antagonises calcium chloride more powerfully than potassium 
chloride or ammonium chloride, whilst as regards the clotting of blood, 
sodium chloride is only a little more active than potassium chloride in 
its antagonism to calcium chloride, whilst as regards cardiac muscular 
contractility potassium chloride antagonises calcium chloride far more 
powerfully than sodium chloride. 

When one bears in mind how similar the three processes, muscular 
contraction, coagulation of blood, and clotting of milk are in many 
respects, and as it has been shown that the clotting of milk consists of 
at least two distinct and separable processes and that calcium salts 
influences only one of these, it is I think justifiable to suggest the 
probability that clotting of blood and muscular contractility are depen- 
dent on several changes and that calcium salts only affects one of these. 
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THE ACTION OF CARBONIC OXIDE ON MAN. By 
JOHN HALDANE, M.A., M.D., Lecturer in Physiology, Uni- 
versity of Oxford. Grocers’ Company Research Scholar. (Three 
Figures in Text.) 


(From the Physiological Laboratory, Oxford.) 


THE chief aim of the present investigation has been to determine 
experimentally the causes of the symptoms produced in man by car- 
bonic oxide, and particularly the relation of the changes in the blood to 
the symptoms, to the percentage of carbonic oxide breathed, and to the 
period during which the inhalation is continued. 


Method of estimating the saturation of blood with carbonic omide. 


In blood saturated, or partly saturated, with carbonic oxide, the 
presence of the carbonic oxide is usually ascertained by reducing the 
blood and then examining it with an ordinary spectroscope, There is 
however a more direct, and at the same time more delicate method of 
recognising the presence of carbonic oxide—namely by simple observa- 
tion of the colour of the diluted blood. Undiluted blood when saturated 
with carbonic oxide and examined in bulk cannot be distinguished by 
its colour alone from blood saturated with air. After sufficient dilution, 
however, there is a striking difference. The normal blood gives a 
yellow, and the carbonic oxide blood a pink colour. Utilising this 
difference in tint I have determined the relative saturations of the 
hemoglobin with carbonic oxide in different specimens of blood by 
determining the relative amounts of their differences in tint from the 
tint of normal blood. 

By mixing dilute carmine solution with dilute sushiaabhchio 
solution it is possible to reproduce exactly the tint of dilute carboxy- 
hemoglobin, Hence carmine solution may be employed for estimating 
the percentage saturation of blood with carbonic oxide. If blood be 
diluted a hundred times, and a portion of the solution be saturated 
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with carbonic oxide, it requires somewhat more than an equal volume 
of carmine solution of about 01°/, strength to bring the unsaturated 
portion to the same tint and intensity of colour as the saturated portion. 
The exact relation of the carmine solution to the blood solution requires 
of course to be determined by trial, and if necessary adjusted. 

In applying this method to human blood I employed narrow. test- 
tubes, similar to those of Gowers’ hemoglobinometer, and each holding ~ 
about 5 or 6c.c. They were made from a piece of glass tubing of even 
bore, and of about th inch internal diameter. 2-0c.c. of water having 
been measured from a narrow burette into one of the tubes, ‘02 c.c. of 
blood, obtained by pricking the finger, was measured off in the pipette 
of a Gowers’ hemoglobinometer, and mixed with the water in the 
tube. A similarly diluted solution of the blood was well shaken with 
carbonic oxide, or, more conveniently, with coal gas, and placed in 
another (shorter) tube, which was filled quite full and corked. This 
latter solution was prepared in a larger test-tube, or small bottle, which 
was filled with coal gas through a tube, and quickly closed with the 
thumb before the gas had time to escape. | 

Standard carmine was now (in the first four experiments) added 
from a narrow burette to the blood under examination, until the tint 
was the same as that of the saturated blood solution. When the tints 
became nearly equal the carmine was added in qnantities of not more 
than ‘2c.c. at a time, and the points were noted at which there was just 
appreciably too little and just appreciably too much carmine, the mean | 
between these points being taken as the correct result. The calculation 
of the percentage saturation is illustrated by the following example. 
2'le.c. of carmine required to be added to every 20c.c. of diluted 
normal blood to reproduce the saturation tint. With a specimen of 
partially saturated blood only 1°6c.c. of carmine were required. In the 


with carbonic oxide. 

To test the method defibrinated ox-blood was shaken up and divided 
into two portions. One of these was saturated with carbonic oxide 
by prolonged shaking in a large flask with coal gas several times 
renewed. Several definite mixtures were then made of the saturated 
with the unsaturated blood;find from these mixtures specimens were 
taken with the Gowers’ pipette, and the percentage saturation esti- 
mated. The results were as follows: 
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TaseE I. 
Actual percentage Saturation found Percentage Error 
saturation Uncorrected | Corrected | Uncorrected Corrected 
52 55 +2 +5 
50 48 51 
89 101 +1 
100, 102 +2 
90 102 —10 +2 
30 31°5 —3 —15 
33 {33 34°5 a 0 +1°5 
27 28°5 —6 —4°5 
67 67 72 & 0 +5 
80 74 80 — § «0 
17 21 22 +4 +5 
{15 16 —2 
8°5 10 10°5 +15 +2 
20 17 18 —§3 
{15 16 —5 —4 
Average 408 


These results shew that the method is fairly accurate, and may be 
relied on to within about 5°/,. Above about 70°/,, however, the un- 
corrected results become distinctly too low, and are fully 10°/, too low 
when the blood is completely saturated. 

The reason for the low results is that when blood containing carbonic 
oxide is diluted with ordinary water a certain amount of dissociation of 
the carbonic oxide hemoglobin must occur, due chiefly to the influence 
of the oxygen dissolved in the water. If a dilute blood solution be 
shaken with air containing carbonic oxide it will be found (see the 
dissociation curve, Fig. 3) that when the air contains about -16°/, of 
carbonic oxide the blood solution is half saturated. Since the coefficient 
of absorption of carbonic oxide in water is about ‘024 at 15° such a 
blood solution will contain about 24 x 0016 = 004°/, of carbonic oxide 
in simple solution. Hence, if half saturated blood (containing about 
10°/, of its volume of carbonic oxide in the corpuscles) be diluted to 
zhoth, and half its volume of carmine solution be added, so that the 
resulting solution contains about ‘066 °/, of its volume of carbonic oxide, 
about °004°/,, or 6°/, of the total contained carbonic oxide, will be 
required to saturate the water sufficiently to prevent further dissociation 
of the carbonic oxide hemoglobin: This will cause an error of 3°/, in 
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the determination of the percentage saturation of the hemoglobin. If, 
however, the hemoglobin of the undiluted blood were fully saturated 
with carbonic oxide, a similar calculation will show that the error would 
amount to about 12°/,. In the table the second column of results shows 
the percentages corrected for the error just referred to. It will be seen 
that when the correction is made the results are about as good for high 
as for low saturations. The correction is applied in the various deter- 
minations referred to in the paper. 

One disadvantage of the method as just described is that the value 
of the carmine solution alters appreciably with alterations in the tint 
of the daylight. It is thus not only necessary to restandardise the 
carmine solution frequently, but any percentage error caused by neg- 
lecting this precaution is as great with low as with high saturations of 
the blood. An error of 10°/, in the value assumed for the carmine 
solution might thus cause a blood solution with a distinct pink tinge, 
and really containing hamoglobin 10°/, saturated, to be regarded as 
normal. For these reasons [ have in each of the earlier experiments 
kept a tube of solution of normal blood for purposes of comparison, and 
for finally re-determining the value of the carmine. In the later and 
longer experiments I prepared beforehand several tubes of normal 
blood solution, and determined the saturation by adding the carmine 
not to the blood solution under examination, but to the normal blood. 
I then noted the quantities of carmine required to produce equality in 
tint (1) with the solution or solutions of blood under examination, and 
(2) with the saturated blood solution. This method is certainly pre- 
ferable, and makes the results more accurate, but implies a modification 
in the mode of calculation, which will be evident from the following 
example. There required to be added to the normal blood solution 
‘5e.c. of carmine solution to produce equality of tint with the blood 
solution under examination, and 2°2c.c. to produce equality with the 
saturated blood solution. The percentage saturation of the solution 
x $5 x 100 = 38%, With this 
method not more than ‘1 c.c. of carmine must be added at a time. 


under examination was therefore 


Experiments on Man. 


The accompanying diagram shows the arrangement a es for 
enabling the subject to breathe for any required time air containing a 
definite percentage of carbonic oxide. In all the experiments I was 
myself the subject. 
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G is a gas meter through which an air-current of constant amount 
is kept up by means of an aspirator of the type used in the respiration 
apparatus which I have formerly described. The current employed 
varied from 8 to 15 litres per minute according to circumstances. The 
air-current follows the direction shown by the arrows. M is a mouth- 


Fre. 1. 


rer 


piece through which the subject breathes from the air-current, and VV 
are pieces of intestine soaked in glycerine and arranged in the ordinary 
way to act as valves, and prevent any passage backwards of air during 
either inspiration or expiration. B is a bladder so arranged as to take 
up the extra air driven forwards during expiration, and so prevent any 
resistance being felt, or any irregularity in the working of the meter. 
C is a tall measuring cylinder which is filled before the experiment with 
pure carbonic oxide. By allowing water to drip at a constant rate 
(regulated by the tap 7’) from the reservoir R, a constant slow current 
of carbonic oxide is driven into the main air-current in the direction 
shown by the arrows. The carbonic oxide bubbles through a test-tube 
containing water. This test-tube acts as a valve, and makes it possible 
also to count the number of bubbles which pass in a given time, and 
so make sure that the apparatus is working rightly. The bottle placed 
in the main air-current is for the insertion of a mouse when required 
for purposes of comparison, and serves also to insure thorough mixture 
of the carbonic oxide with the air. | 

The following are the notes of the more important experiments. 
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Several experiments of a preliminary character are omitted, and the 
notes of others are curtailed as much as possible. 


EXPERIMENT I. 


Percentage of CO=°50. Duration 114 mins. 


A specimen of blood taken after ten minutes had a marked pink tinge on 
dilution, and gave a faint double band of CO hemoglobin on reduction. 
There were no symptoms except unusual hyperpnea after running upstairs. 


After 1} min. 
9 3 
7 
13 
» 
» 22 5 
9 26 9 
» 29 
” 304 ” 
After 4 min. from 
time of stopping. 
After 8 min. do. 
15 9) 


EXPERIMENT I]. 
Percentage of CO = 0°39. 


Mouse panting. 

Mouse very helpless. Sprawling on belly. 

Mouse same, has not moved since last observation. 

Mouse remains on its side when put there. 

Specimen of own blood taken. Satwration 23°/,. 
Distinctly pink as compared with similar diluted 
specimen taken before the experiment. No symptoms 
_yet. 

Slight feeling of palpitation. Pulse 102. 

Mouse remains on its back when put there. Have 
slight hyperpnea, respiration being a little deeper 
than usual, Feel somewhat ‘‘ abnormal.” 

Respirations 18, Palpitation. Pulse 120. Feel dis- 
tinctly ‘ abnormal.” 

Blood taken again. Strong pink colour. Satwration 

39°). Still gives a double absorption band after 
warming with (NH,),S8. 

Stopped the experiment. Ran upstairs (24 steps) once. 
A little later became giddy, much out of breath, had 
palpitations and could not see so well as usual. On 
standing for two or three minutes felt all right again. 
Vision cleared, and hyperpneea disappeared. After- 
wards singing in ears, : 

Ran upstairs again. After about a minute had same 
symptoms as before, which again disappeared after a 
minute or two. 

Ran upstairs again with similar result, but symptoms 
not quite so marked as the first time. 


Blood taken again. Saturation 28 °/,. 
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After 45 min. from Blood taken again. Satwration 23°/,. After warming 
time of stopping. § with (NH,),8 there was only a faint and doubtful 
indication of the double bands on examination with a 
small direct vision spectroscope. With the naked 
_ eye the pink colour of the diluted blood very distinct 
both before and after reduction with ammonium 
sulphide, Running upstairs twice still caused slight — 
giddiness and dimness of vision, and more than the 
usual shortness of breath. As these symptoms passed 
off there was singing in the ears. 

After 105 min. do. Blood taken again. Still distinctly pink on dilution. 
Saturation 18°/,. In walking home a few minutes 
after this observation I became out of breath, with a 
very slight tendency to dimness of vision and 

palpitations, followed by slight singing in the ears. 
» 186 ,,  ,, Blood taken again. Could not be sure of any pink colour. 
Saturation 5°/,. On running up and downstairs a 
little later I could not detect any unusual symptoms. 


EXPERIMENT III, 


Percentage of CO=°40. Duration 24 minutes. 


At the end of the experiment the blood was taken. Saturation 27 °/,. 
No symptoms except unusual hyperpnea, and slight giddiness after running 
once upstairs. Half an hour afterwards the blood satwration was 16 °/,, and 
there still seemed to be a little unusual hyperpnewa on exertion. After 
another hour the saturation was 10°/,, and all symptoms had disappeared. 


EXPERIMENT IV. 
Percentage of CO=°36. Duration 29 minutes. — 


After 18 minutes the blood saturation was 26°/,. After 29 minutes 
saturation was 37°/,. On walking up and down the room at end of 
experiment felt throbbing in the head and palpitations. On running upstairs 
twice became giddy, short of breath, etc. 15 minutes later the blood 
saturation was 32°). 


EXPERIMENT V. 
Percentage of CO=°41. Duration 29 minutes. 


After 14 min. Mouse showed some loss of power. 
res eee Mouse remained on its side when put there. 
Own blood taken. Satwration 13 °/,. 
» 28 , slight hyperpnoa and palpitations. 
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After 29 min. Blood taken again. Saturation 35°/,. Experiment 
stopped. On running upstairs marked giddiness and 
impairment of both vision and hearing, which dis- 
appeared again after a minute or two. 

After 15 min. from Blood taken again. Saturation 28°/,. Still slight 
time of stopping. giddiness and marked hyperpnea after running up- 

stairs. | 

Blood taken again. Satwration 19 °/,. 

Blood taken again. Saturation 10°/,. 

No headache or other abnormal symptoms followed the experiment. 


EXPERIMENT VI. 
Percentage of CO=0°12. Duration 120 minutes. 
After 5} min. Mouse panting, and resting on its belly. 

ee i: ea Mouse still resting on its belly; when roused to any 
effort its legs sprawl. 

“ae a Own blood taken. Pink tinge just distinctly visible, 
but very slight. Satwration 8 °/,. 

9 OO “ny Feel slight tendency to palpitations. Pulse 96. Mouse 
is much the same. 

eo Blood taken again. Pink tinge now very distinct. 
Saturation 18°/,. On ceasing for a minute or two to 
breathe through the tube I could detect no abnormal 
symptoms. 

PEG Sea Pulse 84. Slight palpitations. Feel rather sleepy. 

a ee be Pulse 86. Blood taken. Somewhat deeper pink tinge 
than last specimen. Satwration 27°/,|. Immediately 
after the blood was taken I ran twice up and down- 
stairs. This caused for a minute or two distinct 
dimness of vision and hearing, and a slight tendency 
to stagger, besides abnormal hyperpnea. Resumed 
breathing after an interval of 8 minutes (which is 
allowed for in the succeeding time record). Mouse 
much the same, or if anything, more torpid. 

wae ae Beginning to experience slight hyperpnea while sitting 

| breathing the CO. Rate of respirations 12. 

ee Pulse 96. Hyperpneea still quite distinct, and general 
feeling of uneasiness. Blood taken. Pinker than 
last specimen. Satwration 37°/,. Stopped the ex- 
periment. On sitting quietly on a chair could still 
feel that the respirations were deeper than usual. I 

also felt dull and “ abnormal.” 
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After 18 min. from 
time of stopping. 


After 16 min. 


J. HALDANE. 

On running once upstairs I became very distinctly weak 
in the legs, and had to lean against a table. At the 
same time vision and hearing became markedly im- 
paired, and there seemed to be some confusion of 
mind. The sound of the running water of the 
aspirator seemed to be far away, and to come much 
nearer after I had rested for a minute or two, vision 
clearing up correspondingly at the same time. While 
vision was impaired I found it difficult to distinguish 
the tints of the different specimens of blood. 

Two or three minutes later I ran upstairs. again with 
the same results. The symptoms came on about half 
a minute after I reached the top of the stair. On 
testing with a watch — appeared distinctly 
impaired. 

On its removal the mouse could not move about, and 
was very torpid and cold, but it recovered without 
warming when replaced in its cage. 

Distinct throbbing headache (which, however, did not 
last long) like that which follows the breathing of air 
containing much carbonic acid. Short of breath even 
on going very quietly upstairs. 

Blood taken again. Less pink than last specimen. 
Saturation 27°/,. While resting have no difficulty 
in judging of the tints of the specimens. 

Blood taken again. Distinctly a little pink till. 
Saturation 20°/.. 

Ran twice up and downstairs. More out of breath - 
than usual afterwards, and slight tendency to dimness ~ 
of vision for about half a minute. 

Blood taken again. Is just perceptibly pinker than 
usual. Satwration 11°/,. No headache since last 
observation. 


EXPERIMENT VII. 


Percentage of CO=0:21. Duration 713 minutes. 


Pulse 91. No symptoms. 

Blood taken. Distinctly a little pink. Saturation 17°/.. 

Very slight feeling of fulness and throbbing in head. 

Fulness and throbbing more distinct. | 

Blood distinctly pinker than last specimen. Saturation 
39 °/.. 
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45 
54 


59 


61 


63 


65 
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After 2 min. from 
time of stopping. 
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After 43 min. 


Feeling decidedly “abnormal.” Slight hyperpnea and 
marked throbbing. 

Pulse 104, Breathing distinctly deeper. 7 

Feel very decidedly abnormal. Vision seems not so 
good. Slight feeling of giddiness. 


_ Hyperpnea more distinct. Beginning to look pale and 


yellowish, and “as if ill.” 

Blood taken again. Pinker than last specimen. Satu- 
ration 44:5 °/.. 

Feel worse shortly after making any movement in my 
chair. 

Hyperpnea marked, and slight confusion of mind. 

Blood taken. Very pink tint, slightly more so than 
last specimen. Satwration 49°/,. Stopped experi- 
ment. Vision dim. Limbs weak. Had some diffi- 

‘culty in getting up or walking without assistance, 
movements being very uncertain. | 

Could walk fairly straight across the room. Could 
write on black board, but letters not formed as usual, 
and some mistakes in spelling, etc. Felt confused. 

Felt a little better. 

After walking four times up and down the room I 
staggered and nearly fell. On going on I was very 
unsteady, often nearly falling, and grasping un- 
certainly at various objects for support. Vision also 
very indistinct. I seemed to see things, and yet not 

_ recognize their details. [I could not read until after 
a rest. The exertion caused considerable hyperpnea, 
but this was not much noticed, as the other — 
were so much more prominent, 

Said over the German numerals correctly up to 25. 
Still rather unsteady, and nearly fell when turned 
round. 

Attempted to walk along the line of one of the boards 
of the floor. Did so with much difficulty and great 
staggering and waving of arms. 

Immediately after the last exertion, and while still 
very confused, I was given oxygen to breathe out of 
a bag. The effect seemed to be distinct. After three 
or four seconds everything seemed to clear up 
suddenly, and I was able to walk steadily up and 
down the room carrying the bag. Face also was 
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said to improve in appearance, and no longer to look 
so “sickly.” I breathed the oxygen for two minutes, 
and on ceasing continued to walk, and soon aguin 
became unsteady and confused. 
After 22 min. from On walking quickly up and down the room I got very 
time of stopping. unsteady, and could not see distinctly, or hear the 
noise of a tap except faintly. At this point I again 
began to breathe from the oxygen bag, and the effect 
seemed distinct. After three or four seconds the 
confusion of mind and of perception disappeared 
completely, and I was able to run up and down the 
room with the bag, without any return of the 
confusion of mind. On stopping the oxygen I again 
began to feel confused after about a minute of 
walking. On trying to run vision rapidly became 
dim, and movements uncertain.’ Breathing the oxygen 
seemed once more to produce the same good effect, 
and it was also noticed that my voice seemed to 
become more natural. 

ee The symptoms now became much less marked. 

During the whole of the evening after this experiment I suffered from 
headache, but had no nausea or marked loss of appetite. Within two hours 
of the experiment I ate dinner as usual. During the succeeding day I had 
slight headache. 

As this experiment was pushed considerably beyond the point at which 
hyperpneea began, wider tubing and a more free ventilation were employed 
than in previous experiments, and I believe that my respirations were deeper 
throughout the experiment. For this reason probably the absorption of 
carbonic oxide was somewhat more rapid than might have been expected 
from the results of some of the other experiments. 

In this and the succeeding experiments the determinations were made by 
adding the carmine to normal blood solution, instead of to the tube under 
examination. 


EXPERIMENT VIII. 


Percentage breathed irregular on account of tubipg becoming disconnected 
during the experiment. For the last 10 minutes -43°/,. Duration of 
experiment about 35 minutes, | 

At the end of the experiment the blood was taken. Saturation 56 °/.. 
For some time before the end of the experiment there were palpitations, 
giddiness, dulness of the senses, and distinct hyperpnea. Shortly before the 
end of the experiment a specimen of blood gave satwration 48°/,. At the 


~ 
4 
Ag 


ACTION OF CARBONIC OXIDE. | 


end of the experiment I could hardly stand, and could not walk alone with- 
out falling down. Neither breathing oxygen for a minute, nor lying down 
with legs and pelvis raised (which in a former experiment had seemed to 
cause improvement) had any immediate good effect, beyond what could fairly 
be attributed to rest alone. The symptoms and gradual improvement were 
as in former experiments. 

Blood was again taken 50 minutes after the end of the experiment. 
Saturation 38 °/,. Marked giddiness still followed any considerable exertion, 
such as walking up and down the room. 


Two hours after the end of the experiment the blood satwration was 32°/,. 


There was still some giddiness etc, following exertion. 
I had some headache until the next morning, when the blood was again 
examined, and found to give exactly the same result as before the experiment. 


EXPERIMENT IX. 


Percentage of CO= 027. Duration 3} hours. 


After 1 hour. Blood just distinctly pinker than normal. Satwration 7 °/,. 
After 2 hours. Blood looked about same as last. Satwration 11 °/,. 


24 ” ” Saturation 15 
» ” ” ” ” ” Saturation 15 °/ 0° 
” 34 ” ” ” Satur ation 14 fe 


No symptoms during Perhaps very slight unusual 
shortness of breath and palpitations on running upstairs. 


EXPERIMENT X. 
Percentage of CO='021. Duration 4 hours. 
After 1 hour. Blood looked hardly pinker than normal blood. Satu- 


ration 8 °/.. 
» 2 hours. Blood just pinker than normal. Saturation 13°/,. 
3 ” ” 9? 9? Saturation 13 


No symptoms during or after the experiment. 


EXPERIMENT XI. 
Percentage of CO=°046 to 044. Duration 4 hours. 
After 1 hour. Blood had distinct pink tinge. Satwration 17 °/,. 
» 2hours. Pink tinge very distinct. Satwration 28 °/,. 
pews Blood looked much same as last time. Satwration 28 o/., 
9 ” ” ” Saturation 23 he 
There were no symptoms during the experiment, but on running upstairs 
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afterwards there was unusual hyperpnea, with slight palpitations, etc. 
Another experiment of 4} hours’ duration, with a similar percentage (048), 
gave a similar result, and the symptoms brought on by exertion did not 
increase after the first two hours. A mouse was not distinctly affected. 

In another experiment with ‘035 °/, I could not be sure at the end of two 
hours that any unusual symptoms were brought on by exertion. The blood 
had a faint pink tinge, and the saturation was estimated at 14°/, in two 
determinations, made after one and two hours. 


_ Several points*come out clearly in these experiments, and may be 
_ discussed one by one. 


Causes of the Symptoms produced by Carbonic Oxide. 


The symptoms produced by carbonic oxide in a healthy and normal 
individual resemble very closely those produced by atmospheres in 
which the oxygen tension is considerably diminished, either by re- 
duction of atmospheric pressure, or by reduction of the oxygen 
percentage. Relatively slight hyperpneea, palpitations, and feeling of 
fulness in the head, together with a tendency to impairment of the 
senses and loss of power over the limbs, are the characteristic symptoms 
produced both by carbonic oxide and by a diminished supply of oxygen 
in the air breathed. The fact noted above that in the earlier stages of 
carbonic oxide poisoning these symptoms only occur after exertion is 
also characteristic of a moderately diminished oxygen supply, as shown 
by the records of mountain travellers. 

The experiments further show that none of these symptoms occur 
until the blood is saturated to a considerable extent with carbonic 
oxide, and that both the increase and diminution of the symptoms 
during and after inhalation of moderate quantities of the gas run 
parallel with the changes in the saturation of the blood. In proportion 
as the saturation increases the symptoms increase: in proportion as the 
_ saturation diminishes the symptoms diminish. 

As shown in repeated experiments the symptoms do not become 
appreciable during rest until the blood is about a third saturated, so 
that the oxygen carried by the blood is diminished by about a third. 
Now this is just about what might be expected on the hypothesis that 
these symptoms are due to want of oxygen. A glance at the causes 
given by Paul Bert at page 691 of La Pression Barométrique will 
show that the oxygen carried by the blood in a living animal was 
diminished by about a third when the oxygen tension of the atmosphere 


be. 
G 
4 
¥ 
was 


ACTION OF OA RBONIC OXIDE. 443 


breathed was diminished by about a half. The symptoms produced by 
a third saturation of the corpuscles with carbonic oxide should therefore 
correspond to those experienced by mountaineers at a height of about 
18000 feet, or by persons breathing air in which the oxygen percentage 
is reduced to about 10°5. As a matter of fact there seems to be a 
pretty close correspondence. Thus when the oxygen percentage in air 
is reduced to about 10 or 11°/,, the breathing becomes just noticeably 
deeper, as shown by the tracings = by see Smith and 
myself?, 

In Experiments VII. and VIII. the blood was ee half saturated 
with carbonic oxide, so that the oxygen must have been diminished to 
about half the normal, 1.e. to less than the proportion in average venous 
blood. According to Bert’s curves this amount of oxygen would cor- 
respond to an atmosphere in which the oxygen tension was diminished 
by two-thirds (a height of about 28000 feet, or air at ordinary pressure, 

and containing only 7 °/, of oxygen). The symptoms produced by the 
- carbonic oxide were in this case hardly so urgent as those which are 
experienced in atmospheres with the oxygen tension diminished by two- 
thirds ; this is probably due to the fact that the tension of the oxygen 
in the blood is higher in the case of carbonic oxide poisoning, and that 
for this reason what oxygen there is in the blood is more readily made 
available. The tension of the oxygen in the blood, and not merely its 
amount, is certainly of great importance, since blood which is half 
saturated with oxygen still contains more than sufficient oxygen, as 
regards quantity, to supply all the needs of the tissues; and yet with 
this half-saturated blood very urgent symptoms are produced. 

On the whole there is thus every reason to attribute the symptoms 
produced by the carbonic oxide solely to diminution in the oxygen- 
carrying power of the blood. 

There remains a further question as to how exactly want of oxygen 
produces these symptoms. At first sight it might seem tolerably 
certain that the direct cause of most of the symptoms must be diminu- 
tion in the percentage of oxygen contained in the arterial blood 
supplying the central nervous system. There is, however, the following 
difficulty in accepting this explanation as by itself sufficient. The 
symptoms are brought on, or much aggravated, by any exertion. Now, 
were the affected parts of the central nervous system, and these parts 
only, concerned in the exertion, this fact would be quite intelligible 


1 Journal of Pathology, 1. 180. 1898, 
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since it would be reasonable to assume that there would be an increased 
demand for oxygen in these parts, and consequently an increased deficit 
in the supply. But even moderate exertion causes such symptoms as — 
loss or impairment of the senses, while there is no reason to suppose 
that the exertion specially affects one of the parts of the body concerned 
in sensation or perception. It does not seem likely that the blood 
passing through the lungs during the exertion takes up less oxygen 
than during rest. The available evidence goes,towards showing that 
the blood is as fully saturated with oxygen during exertion as during 
rest’. The presence of the carbonic oxide would, moreover, tend to 
facilitate rather than retard the complete saturation of that part of the 
hemoglobin not saturated with carbonic oxide. Possibly the key to the 
difficulty lies in changes in the blood supply to the brain caused by the 
exertion. 

According to Roy and Sherrington? exertion normally causes an 
increased supply of blood to the brain. With a constant diminished 
supply of oxygen in the blood the circumstances are probably different, 
and in particular the ,heart may not be able to respond sufficiently to 
compensate for the fall of blood pressure produced by the increased flow 
of blood through the muscles. If this explanation be correct it seems 
possible that the cerebral symptoms produced by carbonic oxide or want 
of oxygen may even during rest be in part due to circulatory changes, 
and not merely to direct action of the abnormal blood on the nervous 
centres, 

The Time-relations of Carbonic Owide poisoning. 

The experiments show clearly that the time required for an atmo- 
sphere containing carbonic oxide to produce symptoms of poisoning 
depends simply on the time required for the production of a certain 
degree of saturation of the blood. With a low percentage, as in 
Experiment VI. a much longer time is required than with a higher 
percentage, as in Experiment I.; but in either case the symptoms 
became distinctly appreciable during rest as soon as, and not before, 
the blood had had time to become saturated to about a third. 

As a considerable interval elapses before the blood has been suffici- 
ently saturated to produce symptoms, and as this interval is not due to 
a slow rate of absorption of the poison into the body, carbonic oxide 
presents a typical example of a cumulative poison. 


1 Geppert and Zuntz, Pfliiger’s Archiv, xm. 189. 1888. 
2 This Journal, x1. 98. 1890, 
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The actual time required to produce the symptoms of poisoning 

must depend in the first place on the amount of air breathed in a given 
time as compared with the mass of the blood. A man has about 5 litres 
of blood, and the red corpuscles of this blood are capable of taking up 
about 1 litre of oxygen or carbonic oxide. To produce distinctly 
appreciable symptoms of poisoning it will thus be necessary that about 
330 c.c. of carbonic oxide should be absorbed. Now a man at rest 
breathes about 7 litres of air per’ minute, and in the experiments this 
was about the quantity actually breathed through the apparatus. Thus, 
supposing that the air contained 1°/, of carbonic oxide, 70c.c. of 
carbonic oxide would be breathed per minute. Hence, if the whole of 
this were absorbed it would still take 5 minutes to produce definite 
symptoms. With ‘5°/, at least 10 minutes would be required, and 
with ‘1°/, at least 50 minutes, In Experiment I. (‘39°/, of CO) it 
required about 25 minutes to saturate the blood to a third. The 
minimum possible time, according to the above calculation, would have 
been about 12 or 13 minutes. Apparently, therefore, only about half of 
the carbonic oxide breathed was actually absorbed. If similar calcu- 
lations be made for the other experiments it will be seen that, so long 
as the absorption was proceeding rapidly, they follow, roughly speaking, 
much the same rule. Whether the percentage of carbonic oxide was 
relatively large or small, about half of the carbonic oxide actually 
breathed was absorbed. 
In the following table the times, calculated from the blood deter- 
minations as actually required to produce certain degrees of saturation, 
are given along with the times which would on the above assumption 
have been required, if the whole of the carbonic oxide had been ab- 
sorbed. 


II, 
To produce 60°/) saturation | To produce 33°/, saturation | To produce 15°/, saturation 
P- | breathed breathed had | tually | breathed haa | 2ctually | breathed had 
been absorbed | | heen absorbed | | neon 
2 "89 24 12 10 5°5 
8 *40 80 ‘12 
4 86 13 ll 6 
5 27 12 18 5 
6 12 107 40 88 18 
7 21 72 34 34 23 18 10 
Average 81 72 84 41 19 19 9 
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_ From this table it will be seen that the times actually required 
correspond roughly to the assumption that about half of the carbonic 
oxide breathed is absorbed. 

Of the carbonic oxide inhaled at each. breath in these experiments 
a certain proportion would not be absorbed because it never reached the 
alveoli, and, being a very insoluble gas, would not, as some other gases 
are, be taken up by the mucous membranes. As about 500c.c. of air 
were inspired at each breath this proportion would amount to about a 
third if we assume, after Loewy’, that. the dead space due to the 
respiratory passages amounts to about 140 cc. and add 30c.c. for the 
tubing of the mouth-piece of the apparatus. Of the gas which did reach 
the alveoli a further proportion (about a third) was apparently also not 
absorbed, chiefly (as shown below) because the air did not remain long 
enough in the alveoli, but partly also because the average tension of the 
carbonic oxide in the blood passing through the lung was increasing ~ 
appreciably. With very small percentages of carbonic oxide the 
absorption after a time ceases (Experiments IX. X. XI.). This cessation 
of absorption doubtless depends on the fact that the tension of the 
carbonic oxide in the blood of the lungs becomes equal to that of the 
air breathed. 

In order to obtain still more direct evidence as to the proportion of 
carbonic oxide which escapes absorption with percentages well above 
those at which absorption might be considerably diminished by the 
cause just mentioned, I made a direct determination of the carbonic 
oxide in the inspired and expired air. The air was inspired from a bag, 
and the expired air collected in another bag. The bags were furnished 
with short pieces of rubber tubing, connected together by a T tube, 
through one limb of which I breathed. To avoid all extra “dead 
space ” valves were dispensed with, and taps, opened and closed at each 
respiration, were employed for giving the air the required direction. 
The breathing was continued for 3 minutes, and the first four breaths 
were rejected, so as to wash out the lungs before the expired air was 
collected. The analyses were made by explosion of a sample of the air 
(freed from carbonic acid) with about 15 °/, of hydrogen, and subsequent 
determination of the carbonic acid formed. 

The results were as follows: 


Inspired air 03 131 
Expired air 429 0°57. 


1 Phliiger’s Archiv, 416. 1894. 
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It thus appears that 56°/, of the carbonic oxide was absorbed. In 
this experiment the respirations were less frequent (8} per minute) and 
deeper than in the other experiments, which probably accounts in part 
for the slightly higher percentage absorbed, since with deep inspiration 
the influence of the dead space in the air passages is less. Evidently 
the dead space cannot alone account for the incomplete absorption of 
the carbonic oxide. 3 

From this and the previous experiments it follows that the time 
required to produce distinct symptoms of poisoning with carbonic oxide 
will be about double the time required to breathe 330 c.c. of it. 

This conclusion obviously does not apply in the case of very high 
_ percentages, with which, as Heger has shown, death may occur before 
the whole of the blood has had time to pass through the lungs. | 

Just as the rapidity with which symptoms are produced by carbonic 
oxide depends on the rate at which the blood is saturated, so does the 
rapidity of recovery (with the moderate doses used in the above 
experiments) depend on the rate at which the carbonic oxide is got rid 
of. The data obtained in Experiments II. II. VI. and VIII. show that 
disappearance of the symptoms runs parallel with disappearance of the 
carbonic oxide from the blood. In man, as might be expected, this is a 
slow process. However quickly the carbonic oxide may have been 
absorbed it will disappear slowly. Even when the blood had been only 
a little more than a third saturated, as in Experiment VL., it was still 
about 10°/, saturated after three hours; when it had been 56°, 
saturated, as in Experiment VIII. it was still about 30°/, saturated 
after two hours. We may thus infer that in cases of severe poisoning 
by carbonic oxide, with the blood about 70 °/, saturated, it would take 
about 6 or 7 hours for the blood to return to a practically norm 
condition. | 


Time-relations of Carbonic Oxide Poisoning in different Warm- 

blooded Animals. 

It is evident from the records of some of the above experiments 
that, with the same percentage of carbonic oxide, symptoms of poisoning 
occur far more rapidly in mice than in man. The reason for this is 
undoubtedly the following. 

The amount of carbonic acid produced, and of oxygen absorbed, by 
different warm-blooded animals varies, as Rubner has shown, not 
according to the relative masses of the animals, but, roughly speaking, 
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according to the relative extents of their external surfaces. The mass of 
a man is about 3000 times the mass of a mouse, but the external 
surface of the man is probably only about 150 times that of the mouse. 
A mouse weighing about 25 grammes produces in one hour at ordinary 
temperatures about ‘25 grammes of carbonic acid. A man weighing 
70 kilos produces in the same time about 40 grammes. The mouse 
thus produces in an hour about 10 grammes per kilo body weight, while 
the man produces only about half a gramme. The exchange between 
air and blood in the lungs is thus about 20 times as rapid in a mouse as 
ina man. Consequently one would expect that a mouse would absorb 
a proportional amount of carbonic oxide about 20 times as rapidly as a 
man. The experiments bear out this explanation. Thus in Experiment 
I. (‘39 °/, of carbonic oxide) the mouse was distinctly affected in 
14 minutes, whereas it took half-an-hour, or 20 times as long, to affect 
a man. In Experiment II. it took 54 minutes to affect the mouse, 
and about 2 hours, or 20 times as long, to affect a man. As a general 
rule warm-blooded animals will be poisoned by given proportions of 
carbonic oxide (and probably also by other poisons) with rapidities 
varying as the extents of their surfaces in relation to their masses. 
Recovery from the carbonic oxide will, as a rule, follow a similar law. 
Thus a mouse recovers in a very short time as compared with a man. 


An Indicator of Carbonic Oaide in Coal-mines, etc. 


In introducing mice into some of the above experiments I had partly 
a directly practical object in view. The presence of carbonic oxide in 
the air is in certain cases a source of great danger in coal-mines and 
_ other places, Carbonic oxide is one of the gases formed by the explosion 
of an excess of fire-damp, or coal-dust in presence of air. It is thus a 
constituent of after-damp. It is still more frequently met with in 
connection with the spontaneous heating, or actual ignition, of coal, 
which is so common in certain colliery districts. It is also present in 
large quantities in the smoke of blasting powder, and of some other 
explosives. A miner usually trusts to his lamp to give him indications 
of the presence of dangerous gases in a mine. A lamp is, however, of 
no service in detecting small quantities of carbonic oxide in air. It is 
this fact which makes after-damp, smoke, etc..so dangerous to men who 
attempt to penetrate them while trusting to a lamp to give warning of 
any danger. There is no known chemical test for carbonic oxide which 
could under the circumstances be applied by unskilled persons and 
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which would give a sufficiently rapid indication of the presence of 
danger from carbonic oxide. The fact, however, that the respiratory 
exchange of a smaller warm-blooded animal is so very rapid as compared 
with that of a man, rendered it probable that such small animals as 
mice might safely be employed as indicators of the presence of carbonic 
oxide. While recently collecting samples of the gases from heated coal 
in Staffordshire collieries I have used mice with this end in view, and 
found that their symptoms gave timely warning of the presence of 
carbonic oxide in cases where it was present in poisonous proportions. 
The above experiments give more definite data as to the interval 
available for a man after a mouse has been rendered helpless by 
carbonic oxide. It will be seen that this interval is very considerable. 
The mouse is affected within a few minutes if it is affected at all, while 
a man will have an interval of 20 times as long. Even with 5°/, of 
carbonic oxide the interval will be about 20 minutes, 

As shown in a previous paper the poisonous action of carbonic oxide 
rapidly increases when the oxygen percentage (or tension) in the air 
breathed is abnormally diminished. Now, in the air of a coal-mine, 
where carbonic oxide is present there will always be more or less 
reduction in the oxygen percentage. This reduction is due partly to 
the presence of fire-damp, but chiefly to that of black-damp, which, as 
recently shown’, is not pure carbonic acid, but a mixture consisting of 
about 85 to 90°/, of nitrogen and 15 to 10°/, of carbonic acid, and is 
formed in enormous quantities all over a mine, whether fire-damp be 
present or not. The reason why carbonic oxide becomes so much more 
dangerous in air partly deprived of oxygen is of a twofold nature. In 
the first place the oxygen ‘tension in the alveoli is greatly diminished 
(proportionally much more than the oxygen tension in the outside air). 
With a given percentage of carbonic oxide the mass influence of the 
latter will therefore tell more’ on the hemoglobin, and the blood will 
thus become saturated to a greater extent with carbonic oxide. In the 
second place, however, a given saturation of the blood with carbonic 
oxide will tell far more seriously when, as happens with an atmosphere 
very deficient in oxygen, the hemoglobin is already only partially 
saturated with oxygen. A man: can easily live in an atmosphere 
containing only 10°/, of oxygen, although his hemoglobin is probably 
only about $rds saturated with it; but if at the same time his available 
hemoglobin is diminished by even as little as a third by carbonic oxide 


1 Haldane. Proc. Roy. Soc. tym. 249. 1895. Haldane and Atkinson. Trans. 
Fed. Inst. of Mining Engineers, 1895, p. 549. 
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poisoning, he will certainly be rendered more or less helpless. Judging 
therefore from the effect produced on man by ‘05 °/, of carbonic oxide 
in ordinary air (Experiment XI.) the same percentage would in time 
produce a fatal effect if present along with about 50°/, of black-damp 
or fire-damp. 

A further cause which may probably often hasten the action of 
carbonic oxide in coal-mines is hyperpneea due to the presence of more 
than 3°/, of carbonic acid (or 25°/, of black-damp) in the air, or to 
muscular exercise. This hyperpnoea will bring more carbonic oxide into 
the lungs in a given time, and thus hasten its absorption. 

Now all these causes except the last (muscular exertion) will 
equally affect the mouse. The latter thus has the advantage of 
indicating, not simply a certain given minimum percentage of carbonic 
oxide, but the minimum percentage which is actually meen | in the 
atmosphere present. 


Causes of the Absorption of Carbonic Oaide by the Blood. 


There are no reasons for believing that any other cause exists for 
the passage of carbonic oxide through the pulmonary epithelium than 
the difference of tension between the carbonic oxide in the alveoli and 
in the blood passing through the lungs, As I showed in a previous 
paper carbonic oxide is, apart from its action on the hemoglobin, a 
physiologically indifferent gas, like hydrogen or nitrogen; and this 
being so it will simply diffuse through the living tissues, without 
entering into any sort of combination with them. The absorption of 
carbonic oxide by the blood corpuscles during life is, however, a less 
simple matter, and presents several points of great interest. | 

When a man or animal breathes air containing a very small 
percentage of carbonic oxide the gas continues to be absorbed by the 
blood for a certain time; but sooner or later a point is reached at which 
the absorption ceases, Thus in Experiment XI, with 045 °/, of 
carbonic oxide in the air breathed, further absorption ceased when the 
hemoglobin was about 25 °/, saturated. Two causes suggest themselves 
for this cessation of absorption. The first is that with very low carbonic 
oxide tension the compound of carbonic oxide and hemoglobin is 
unstable, especially at the body temperature, so that only a portion of 
the hemoglobin can remain in combination with carbonic oxide. The 
second possible cause is that the affinity of the oxygen of the blood for 
the hemoglobin counteracts the affinity of the carbonic oxide, and so 
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prevents the formation of more than a certain proportion of carboxy- 
hemoglobin. To decide as to the relative influences of these two causes 
I have made a number of experiments with blood solutions outside the 
body. 

In the first series1°/, solutions of ox-blood were well shaken at a 
temperature of 17° to 18°, with air containing various percentages of 
carbonic oxide, and the percentage saturation of the hemoglobin with 
carbonic oxide determined colorimetrically. The details of the method 
employed, and the individual results will be found in the succeeding 
paper. The average results are represented graphically in Fig. 2. On 
examining the curve it will be seen that with about ‘16 °/, of carbonic 
oxide in the air the hemoglobin is equally shared between the carbonic 

_ oxide and the oxygen. With double this percentage of carbonic oxide 
there are about two parts of carboxyhemoglobin to one of oxyhemo- 
globin, and in general the number of parts of carboxyhzmoglobin to 
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Dissociation curves of carboxyhsmoglobin in hydrogen and in air. 


The ordinates represent percentage saturation of the hemoglobin with carbonic 
oxide; the abscisse represent percentage of carbonic oxide in the hydrogen or air. 
one of oxyhzemoglobin is approximately equal to the percentage of 
carbonic oxide in the air divided by 16. This result indicates that the 
sharing of the hemoglobin between the carbonic oxide and the oxygen 
depends approximately not on the absolute amount of the carbonic 
oxide in the air, but on the proportion of carbonic oxide (divided by a 
constant) to the oxygen of the air, which may be taken as remaining 
constant, since the proportions of carbonic oxide added to the air do not 

appreciably reduce its oxygen percentage. 
Assuming this to be — true, then if s represent the pomastnes 
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saturation of the hemoglobin with carbonic oxide, and s’ its percentage 
saturation with oxygen (at the oxygen tension of atmospheric air) and 
p the percentage of carbonic oxide present in the air, then it is clear 


that 46° But 100 —s, therefore s 


formula a curve may be constructed which will be nearly identical with 
that represented in Fig. 2. : 

From the formula it is evident that the value of s can never exceed 
100, however much the value of p may be increased. Hence one 
asymptote of the curve is the line indicating 100°/, saturation. On 
the other hand the negative value of p can never exceed — ‘16, however 
much the value of s be increased in a negative direction. Hence the 
other asymptote to the curve is a line which would indicate —‘16°/, of 
carbonic oxide. The curve is thus a rectangular hyperbola with the 
asymptotes just specified, and passing through the point corresponding 
to 0°/, saturation and 0°/, of carbonic oxide in the air. 

In order to obtain more direct evidence as to the dissociation of 
carboxyhemoglobin by mere reduction of the carbonic oxide tension, 
apart from the influence of oxygen, I made a few experiments with 
mixtures of carbonic oxide and hydrogen (which was free from oxygen 
or traces of carbonic oxide), The method used was the same, but in 
order to facilitate the measurements the carbonic oxide employed for 
making the mixtures was first diluted to a tenth with hydrogen. The 
bottle in which the blood solution was shaken with the mixture was 
thrice as large, and allowance was made for the reduction produced in 
the carbonic oxide percentage of the mixture by the absorption of car- 
bonic oxide by the blood solution. This allowance, and the greater size 
of the bottle, were necessitated by the fact that the amount of carbonic 
oxide absorbed by the blood was a considerable fraction of the whole 
carbonic oxide contained in the bottle. The shaking was also continued 
for a longer time, as the rate of absorption of the carbonic oxide must 
have been much slower. As, moreover, the hemoglobin not combined 
with the carbonic oxide was reduced, and therefore altered in colour, the 
solution was gently agitated with air after removal from the bottle. 
By this means the uncombined hemoglobin was reconverted to oxyhamo- 
globin without any appreciable dissociation of the carboxyhemoglobin. 

_ The results of five experiments made in this way are shown in the 
curves in Figs. 2 and 3. These results are not numerous enough to 
show the exact form of the dissociation curve of carboxyhemoglobin (in 
the concentration employed) but nevertheless correspond very closely 
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with the hypothesis that this curve is also a rectangular hyperbola, one 
asymptote being the horizontal line indicating 100°/, saturation, and 
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Dissociation curves of carboxyh lobin in hydrogen and in air. 

The ordinates represent percentage saturation of the hemoglobin with carbonic 
oxide: the absciss# represent percentage of carbonic oxide in the hydrogen or air. 
The asterisks denote the percentage saturation eo the blood and the oe of 
carbonic oxide breathed in experiments IX. X. and XI. 

the other a vertical line, which would indicate about —‘0065°/, of car- 
bonic oxide. The experimentally determined curve appears to join the 
horizontal asymptote at ‘23°/, of carbonic oxide, but this only signifies 
that with ‘23°/, the percentage saturation was so high as to be incapable 
of distinction by the colorimetric method from complete saturation. It 
will be seen that even with ‘05°/, of carbonic oxide in the hydrogen the 
hemoglobin was nearly 90°/, saturated. Hence it is quite intelligible 
_ that with percentages higher than this in air the relative saturation of 
hemoglobin with carbonic oxide and oxygen should practically speaking 
be a function simply of the relative proportions of oxygen and carbonic 
oxide. 

The dissociation curve of carboxyhzemoglobin in much more concen- 
trated solution has recently been investigated by another method by 
Bock’, who also, in some of his experiments, employed ox-blood hemo- 
globin, at nearly the same temperature. My results confirm his general 
conclusion that the dissociation curve rises very sharply up to a tension 
of about ‘5 mm. (corresponding to about ‘07°/, of carbonic oxide in 
hydrogen at ordinary pressures) and afterwards very slowly. Still more 
recently Hiifner* has published the results of several experiments on 

1 Physiologisches Centralblatt, Sept. 1894, p. 885. 
2 Archiv fiir (Anat, und) Physiol. p. 218. 1896. 
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the same subject. He finds that with a tension of ‘5 mm. of carbonic 
oxide a hemoglobin solution at 31°C. is 87°/, saturated. 

- With *16°/, of carbonic oxide in hydrogen, hemoglobin solution is 
very nearly saturated with carbonic oxide, whereas with the same per- 
centage of carbonic oxide in air the same solution is only half saturated. 
The difference between half saturation and complete saturation is 
evidently due almost entirely to the presence or absence of the atmo- 
spheric oxygen. It thus appears that at a tension of about ‘16°/, 
of an atmosphere the influence of carbonic oxide in forming carb- 
oxyhemoglobin is about equal to the influence of the atmospheric 
oxygen (at a tension of 21°/, of an atmosphere) in forming oxy- 
hemoglobin. The affinity of carbonic oxide for hemoglobin would 
thus seem to be about Ha = 131 times the affinity of oxygen for hemo- 
globin. If allowance be made for the fact that -16°/, of carbonic oxide 
only produces 95°/, saturation in the absence of oxygen, the relative 
affinities will be as 21 to ‘15, or as 1 to 140. 

Before applying the results just described to the interpretation of the 
causes of absorption of carbonic oxide by the blood, it is necessary to con- 
sider the possible influence of the higher temperature and greater con- 
centration of the hemoglobin in the living body. It does not seem a 
priort probable that either of these conditions can alter to any consider-— 
able extent the relative saturating powers of carbonic oxide and oxygen. 
Nevertheless I made several experiments in order to roughly test the 
question. When the bottle containing carbonic oxide in air was kept 
in a bath at 38° during the saturation, I found that with ‘175°/, of 
carbonic oxide the hemoglobin was 52°4°/, saturated, and with 14°/, of 
carbonic oxide 42°25°/, saturated. These results are both practically 
identical with the results at lower temperatures. In a further experi- 
ment I placed °75 c.c. of undiluted ox-blood in a dry flask of 1°5 litres 
capacity, which was then filled with air containing °16°/, of carbonic 
oxide. The blood was then spread about on the bottom of the flask in 
a thin layer, and left for about an hour and a half. The saturation with 
carbonic oxide was then determined by the method described at the 
beginning of the paper, and found to be 54°/,. This result is, within 
the limits of experimental error, about the same as that obtained with 
the diluted blood. It thus appears that neither the increased tempera- 
ture nor the increased concentration has any marked influence on the 
relative saturating powers of oxygen and carbonic oxide. | 

As the result of an experiment with carbonic oxide in hydrogen at a 
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temperature of 38°, I found that with ‘0087 °/, of carbonic oxide the 
hemoglobin of a 1°/, blood solution was 48°/, saturated after half-an- 
hour’s shaking. As the bottle was closed airtight before being placed 
in the water-bath the actual tension of the carbonic oxide would be 
about 0093°/, of an atmosphere. This result, as compared with those 
at 18°, shows that, as might be expected, the rise of temperature dimin- 
ishes considerably the saturating power of carbonic oxide, just as it does 
that of oxygen. 

In Experiment XI. it was found that when °045°/, of carbonic oxide 
in air was breathed the last two specimens of blood were 28°/, and 23°/, 
(average 25°5°/,) saturated. A glance at the curves on Fig. 3 will show 
that this saturation is about 4°/, greater than would have been obtained 
_ by shaking blood with pure air containing the same percentage of 
carbonic oxide, but only about a third of what would have been obtained 
in the absence of oxygen. It is thus evident that, but for the influence 
of the oxygen tension of the blood passing through the lungs, thrice as 
much carbonic oxide would have been absorbed. It was thus, practically 
speaking, the oxygen tension of the blood, and not the mere lowness of 
the carbonic oxide tension, which prevented the further absorption of 
carbonic oxide by the blood. 

The experiment is, further, of great interest, as it éusbles us to 
assign an approximate value to the oxygen tension of human arterial 
blood. The curve shows that had the oxygen tension been that of air 
(t.e. 21°/, of an atmosphere) the blood would have been about 21°5°/, 
saturated. Now in this case the relative saturating powers of the two 
gases would have been as 045 x 130 = 5°85 to 21. But as the blood 
was actually 25°5°/, saturated the relative saturating of the oxygen 
must have been reduced to about 17,—or 16 if allowance be made for 
the dilution of the carbonic oxide in the alveoli by aqueous vapour ;— 
1.¢e. the oxygen tension in the arterial blood leaving the lungs must have 
- amounted to about 16°/, of an atmosphere. Now from the composition 
of the expired air, and the amount of the “dead space” of the air- 
passages, it may be inferred that the normal alveolar oxygen tension is 
about 14°/, of an atmosphere. This is a somewhat lower oxygen 
tension than that of the arterial blood as deduced from the result of the 
experiment, but, considering the limits of error in the various determina- 
tions, it would be unsafe to conclude that during this experiment the 
oxygen tension in the arterial blood was really higher than that in the 
alveoli. It is nevertheless remarkable that Experiments 1X. and X. also 
seem to indicate slightly higher oxygen tension in the arterial blood 
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than in the alveoli. Further experiments must decide whether the 
condition of the blood in carbonic oxide poisoning really furnishes any 
reliable additional evidence in support of Bohr’s conclusion that the 
arterial may exceed the alveolar oxygen tension. It must, however, be 
borne in mind that the values obtained through such experiments are 
in reality minimum values. During the first part of the passage of the 
blood through the alveolar capillaries the oxygen tension in the blood 
must be very low, so that carbonic oxide will be very readily absorbed. 
After an atmosphere containing carbonic oxide has been breathed for an 
hour or two a time will come when the extra carbonic oxide absorbed in 
the first part of the alveolar capillaries will be driven off again by the 
increased oxygen tension in the second part; and unless there is suffi- 
cient time for the completion of the latter process the percentage satura- 
tion of the blood with carbonic oxide will indicate too low an oxygen — 
tension for arterial blood. 

A consideration of the conditions just referred to as existing in the 
alveolar capillaries would seem to afford the key to some facts as regards 
the absorption of carbonic oxide which at first somewhat puzzled me. 
A reference to the protocols of Experiments IX. X. and XI. will show 
that the point at which further absorption ceased was reached somewhat 
suddenly, and not, as might have been expected, gradually approached 
as a curve approaches its asymptote. This was probably due to the fact 
that in the first part of the alveolar capillaries absorption goes on 
nearly equally fast all through an experiment, so that the point is 
reached suddenly at which the excess of carbonic oxide taken up in the 
first part of the capillaries begins to be driven off again in the second 
part. The second part of the alveolar capillaries would thus seem to 
check the absorption of carbonic oxide much in the same way as that 
in which an overflow weir suddenly checks the rise of the water in a 
river when the water level has reached a certain point. 

There can be little doubt that the disappearance of carbonic oxide 
from the blood when pure air is again breathed depends on dissociation 
of carboxyhemoglobin in the blood of the lungs, and consequent 
diffusion outwards of carbonic oxide. Evidence already exists that if 
any carbonic oxide is oxidised in the body the quantity is at least very 
small’, but the data obtained in Experiments II. and XI. render it 
possible roughly to test the hypothesis that diffusion outwards is the 
essential cause of the disappearance of the carbonic oxide. In Experi- 


1 Martin. Comptes Rendus, cxv. 885. 1892. 
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ment XI. it was found that with °045°/, of carbonic oxide in the air 
the blood became at the end of two hours about 25°/, saturated, and 
that this saturation did not increase further. Hence it may be pro- 
visionally assumed that a saturation of 25°/, corresponds to an average 
tension of about °045°/, of an atmosphere of carbonic oxide in the 
arterial blood. Now in Experiment II. the blood was about 25°/, 
saturated half-an-hour after the end of the experiment, and it took at 
least two and a half to three hours more to reduce the saturation to a 
point beyond which carbonic oxide could no longer be detected with 
certainty in the blood. In the first case there was an initial driving 
force inwards of ‘044°/, of an atmosphere of carbonic oxide, and in the 
second case an initial driving force of the same amount outwards. The 
passage outwards of the whole of the carbonic oxide required more than 
three hours, while the passage inwards of the corresponding amount 
required about two hours. Were it the case that oxidation of carbonic 
oxide within the body, or any other cause except diffusion outwards 
through the pulmonary epithelium, played an important part in causing 
the disappearance of carbonic oxide, one would have expected to find 
that under conditions such as those in the two experiments referred to 
the disappearance of the carbonic oxide would be more rapid than its 
absorption into the blood. The greater actual rapidity of the absorp- 
tion would seem to be due to the following causes, Absorption must 
be hastened by the influence of the first part of the alveolar capilla- 
ries, in which, as already shewn, the oxygen tension, and therefore also 
the carbonic oxide tension, remains always much lower than in the 
alveolar air. On the other hand the disappearance of carbonic oxide 
from the blood must be correspondingly retarded by the same part of 
the alveolar capillaries, which will not merely give off no carbonic oxide 
to the alveolar air, but will reabsorb some of what has been already 
given off by the part in which the oxygen tension is high. 


The Action of Oxygen in Carbonic Oxide Poisoning. 


In the course of the experiments described above I endeavoured to 
ascertain whether the inhalation of oxygen causes a rapid partial relief 


in the symptoms of carbonic oxide poisoning. The reason for expecting 


such relief is that, as shewn in the previous paper’, breathing pure 
oxygen causes the blood to take up in simple solution a quantity of 
oxygen sufficient to go a long way towards supporting life. In cases of 


1 This Journal, 201. 1895. 
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carbonic oxide poisoning, unless death has occurred, the blood corpus- 
cles will still always be capable of carrying to the tissues a considerable 
quantity of oxygen in combination with the hemoglobin. When this 
quantity of combined oxygen is reinforced by the oxygen which goes — 
into simple solution in the blood in presence of an atmosphere of pure 
oxygen, it might be expected that the total quantity in the blood 
would suffice to support life. Similarly one would expect that with 
the blood 50°/, saturated with carbonic oxide the symptoms — at 
once be relieved by breathing oxygen. 

The experiments which I made on this subject were not conclusive. 
In No. VII. there was a marked amelioration in the symptoms, 
apparently due to the oxygen. In No. VIII., however, there was no 
distinct amelioration ; and one or two further control experiments (not 
recorded) showed how difficult it was to obtain convincing evidence 
without pushing the experiments to a dangerous point. The evidence 
brought forward in the previous paper leaves no doubt, however, that 
the breathing of oxygen must not only hasten the elimination of car- 
bonic oxide, but also provide to the tissues an important supply of 
dissolved oxygen. 


Remarks on the Treatment of Carbonic Oxide Poisoning. 


It is evident that in the treatment of cases of carbonic oxide poison- 
ing the first point to attend to is the prompt restoration if necessary of 
a sufficient supply of oxygen to the tissues, and particularly to those of 
the central nervous system. The examination of a drop of highly 
diluted blood will at once give information as to whether, when the 
patient is seen, there is still any dangerous amount of interference 
with the oxygen carrying power of the blood. [If it is not distinctly 
pinker than normal blood diluted in a similar manner it may be 
inferred that the patient is now suffering, not from present want of 
oxygen, but from the effects of previous want of it. If the diluted 
blood is markedly pink good effects may be hoped for from the admini- 
stration of oxygen if it is at hand. Apart from the administration of 
oxygen vigorous artificial respiration should if possible be continued 
until the pink colour of the blood becomes indistinct. It will probably 
also be wise to keep the head low and the limbs raised, so as to 
increase if possible the blood supply to the central nervous system, 
which seems to be the part of the body most sensitive to want of 
oxygen. Another point. which may probably be of importance is to 


4 
WN 
q 
ra 
= 
“3 
£ Py 


ACTION OF CARBONIC OXIDE. 459 


prevent fall of temperature due to diminished heat production. 
Such fall of temperature is an exceedingly probable secondary 
result of carbonic oxide poisoning. It is known to be one of the 
dangers of climbing at high altitudes, where the conditions as regards 
oxygen supply are similar to those in slight cases of carbonic oxide 
poisoning. My attention was first directed to this point by observations 
on mice, and subsequently by a fact communicated to me by one of the 
rescue party after the terrible colliery explosion in South Wales in 1894. 
It was noticed that some of the men found still alive, but suffering 
from the effect of after-damp, got worse and gradually sank when 
brought to the fresh air at the bottom of the downcast pit. At this 
point the air would be cooler and dryer than in the workings, besides 
which the air-current would be very rapid. As the men in the pit 
were clothed very lightly their removal to the fresh air might easily 
accelerate a fall in body temperature, with all its well-known con- 
sequences. Dr Stevenson has further informed me that in a case of 
slow poisoning with carbonic oxide examined by him and treated at 
Guy’s Hospital some years ago it was noted that the extremities &c. 
were exceedingly cold. In this case inhalation of oxygen after the 
patient was brought in was not found of service. Whether or not fall 
of temperature plays a part in carbonic oxide poisoning in large animals 
such as man, it certainly does so in the case of mice. The fall is 
apparently accelerated by dilation of the blood-vessels of the skin. 
Warming the animal restores it; and possibly a similar restorative 
effect might be produced in man by warm baths, or some measure of 
the same kind, in cases where the body temperature has fallen. Such 
_a degree of deprivation of oxygen as occurs in severe cases of carbonic 
oxide poisoning must certainly cause serious damage of a more or less 
lasting character to the tissues, and particularly, as shewn by the 
experiments of Bohm’, to the central nervous system. On either the 
_ nature of this damage, or on means of treatment for it, such experiments 
as I have as yet made throw no further light. It is perhaps usually 
the damage to the central nervous system which causes death—in some 
cases long after the patient has been restored to pure air. | 


The Minimum Harmful or Poisonous Percentage of Carbonic Oxide. 


It is of practical importance to obtain some idea as to the minimum 
harmful or poisonous percentage of carbonic oxide for man. The above 


1 Archiv fiir exper. Path. u. Pharm. vit. 68. 1878. 
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experiments prove that this percentage is very nearly the same for man 


as for mice and other warm-blooded animals. Experiment XI. shows 
that °05°/, in pure air is just sufficient to produce in time very slight 
symptoms in man. About the same percentage produces slight symp- 
toms in mice, as shewn in the previous paper. The action on small 
animals such as mice depends, however, to some extent on temperature. 
With a low external temperature the metabolism of a mouse is much 
increased ; consequently the demand for oxygen increases, and a given 
saturation of the blood tells more evidently, just as in the case of a man 
exerting himself moderately. If sufficient oxygen to meet the increased 
metabolism in the mouse is not provided the body temperature must 
fall. In man there is no marked increase of metabolism with a 
diminished external temperature, hence the poisonous percentage of 
carbonic oxide cannot vary from the same cause except in so far as 
external cold may cause a more rapid fall of body temperature in con- 
sequence of the poisoning. 

In Experiment VII. it appeared that ‘2°/, is a very dangerous 
percentage toa man. In this experiment the saturation of the blood 
was still increasing, although urgent symptoms had already shown 
themselves, and the percentage of oxygen in the blood had fallen to 
what would have been a dangerous extent had the same diminution 
been produced by breathing air in which the oxygen tension was 
diminished. That the symptoms were not of a still more urgent 
character was probably due to the fact that the tension of the oxygen 
still present in the arterial blood was normal and not reduced. For 
this reason a given diminution in the oxygen percentage of the blood is 
probably not so dangerous when produced by carbonic oxide poisoning, 
or loss of red corpuscles,as when produced by diminution in the oxygen 
tension of the air breathed. In the previous paper it was shown that 
at ordinary temperatures a little over ‘2°/, may be fatal to a mouse, 
and there can be little doubt that -3°/, would produce death sooner or 


later in man, though much larger percentages may be breathed for a — 


short time with impunity. Thus, in the experiment described on 
p. 446, I breathed 1°3°/, for several minutes, and, knowing the cumula- 
tive action of the gas, and having calculated the interval of safety, I 
had no hesitation in doing so. Its cumulative action is nevertheless 
one of the causes which make carbonic oxide specially dangerous under 
certain circumstances, for, as shown in Experiment VII, a man may 
be half-an-hour in air containing a poisonous proportion of carbonic 
oxide and yet feel nothing, so that when the dangerous symptoms 
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supervene there may be nothing to direct suspicion towards the air, 
or, as often happens in coal-mines, it may be too late to escape. | 

Closely connected with the question just discussed is a further one 
as to the limit of time within which the percentage saturation of the 
blood (and consequently the severity of the symptoms) may increase 
when a given percentage of carbonic oxide is breathed. Experiments 
IX. X. and XI. show that with less than ‘05°/, of carbonic oxide in 
the air breathed the maximum quantity had been absorbed within two 
and a half hours. With higher percentages of carbonic oxide in the air 
this time limit will certainly not be exceeded, since, as shown by the 
curve, the amount of carbonic oxide absorbed by the blood does not 
increase proportionally to increases in the percentage of the gas in the 
air. Hence about two and a half hours may be set down as the limit 
of time within which absorption continues. 


SumMARY OF Curler ConcLusions. 


1. The percentage saturation of the hemoglobin of the red 
corpuscles with carbonic oxide may be estimated during life by a 
simple colorimetric method. 

2. The symptoms caused by carbonic oxide depend on the extent 
to which the hemoglobin has been saturated. 

3. Carbonic oxide is a “cumulative” poison. The symptoms pro- 
duced by it do not become sensible (during rest) until sufficient has 
been absorbed for the corpuscles to become about a third saturated. 
With half saturation of the corpuscles the symptoms become urgent. 
The symptoms are due solely to deficiency in the oxygen percentage 
of the blood, and are similar to those experienced by mountaineers and 
balloonists at high altitudes. 

4. When air containing carbonic oxide is breathed, about half. of 
the carbonic oxide actually inhaled is absorbed (except when absorp- 
tion is coming to a standstill). The time required for the production of 
sensible symptoms in an adult man depends on the time required for 
the inhalation of about 660c.c., or the absorption of about 330c.c. of 
the pure gas. : 

5. The time required for the symptoms to appear (or disappear) in 
different animals is proportional to the respiratory exchange per unit 
of body weight, and is about 20 times as long in a man as in a mouse, 
Hence it is possible with safety to use a mouse as an indicator of the 
presence of poisonous proportions of carbonic oxide in an atmosphere 
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(in a coal-mine for instance) into which it may be necessary for men to 
penetrate. 

6. The maximum amount of carbonic oxide capable of being 
absorbed by the blood from air containing a given small percentage © 
depends almost entirely upon the relative affinities of oxygen and 
carbonic oxide for hemoglobin, and the relative tension of the two 
gases in the arterial blood. 

7. The affinity of carbonic oxide for hemoglobin is about 140 
times that of oxygen. 

8. The oxygen tension of human arterial blood is approximately | 

16°/, of an atmosphere. 

9. Distinct symptoms, appreciable during rest, are not produced 
by carbonic oxide in otherwise normal air until about ‘05°/, of the gas 
is present. With about ‘2°/, urgent symptoms are produced. 

10. With a given percentage of carbonic oxide in the air breathed 
a certain percentage saturation of the blood with carbonic oxide is 
reached within about two and a half hours, and not afterwards exceeded 
however long the breathing of the vitiated air may be continued. 

11. The disappearance of carbonic oxide from the blood when 
fresh air is again breathed is always much slower than the absorption 
of the gas, and is chiefly due to dissociation of carboxyhemoglobin 
by the mass influences of the oxygen in the pulmonary capillaries, 
and consequent diffusion of the gas outwards through the alveolar 
epithelium. 


a 
% 
4 
YW 
4 
A 
3 
A 
4 
ag 
- 
* 


A METHOD OF DETECTING AND ESTIMATING CAR- 
BONIC OXIDE IN AIR. By JOHN HALDANE, MA, 


M.D., Lecturer in Physiology, Unwersity of Oaford. Grocers’ 
Company Research Scholar. 


(From the Physiological Laboratory, Oxford.) 


In view of the very poisonous nature of carbonic oxide, and the com- 
parative frequency with which cases of poisoning by this gas occur, 
much attention has been given to its detection and estimation. No 
satisfactory method has hitherto been described, however, for determin- 
ing very small, but still more or less poisonous, percentages of carbonic 


oxide in air. There is special difficulty when, as almost always happens, 


marsh-gas or other hydrocarbons are present along with the carbonic 
oxide. 

The method now to be described is very simple, and depends on the 
fact that when a hemoglobin solution is well shaken with air containing 
carbonic oxide the proportion of the hemoglobin, which finally combines 
with the carbonic oxide, varies with the percentage of carbonic oxide 
present in the air. By determining colorimetrically the proportion of 
the hemoglobin which has combined with the carbonic oxide it is thus 
possible to infer the percentage of carbonic oxide present in the air. 

Hemoglobin solutions have been used for long as a qualitative test 
for carbonic oxide in air. Vogel', who introduced this test, directs 
that a small quantity of very dilute blood be shaken in a small bottle 
filled with the air, and that the blood be then treated with ammonium 
sulphide to reduce the oxyhemoglobin present, and examined with a 
spectroscope. If the two well-known absorption bands are still visible 
carbonic oxide is present in the air. Vogel found that by this method 
as little as ‘25°/, of carbonic oxide could be detected. He states that 


1 Ber. d. Deutschen chem. Ges, x. 792, and x1. 235. 
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with less than ‘25 °/,, however, the bands are no longer visible. Hempel’ 
directs that a large volume of air be bubbled through a small quantity 
of blood solution, and finds that with this modification of the method it 
is still possible to detect ‘06 °/, of carbonic oxide in air. 

In employing hemoglobin for the detection and estimation of 
carbonic oxide in air I have proceeded as follows. 

The sample is collected by sucking two or three litres of the air 
through a clean and dry bottle of about one to two hundred c.c. capacity. 
‘The bottle is closed by means of a doubly tubulated cork, previously 
soaked in paraffin. Each of the pieces of glass tubing which pass 
through the cork is securely closed by means of a stopper made of 
about an inch of rubber tubing, into one end of which fits a piece of 
glass rod. | 

For the determination of the carbonic oxide about 5 ac. of a solu- 
tion of defibrinated ox blood diluted to ;},th with water, are introduced 
into the bottle in the following manner. A pipette having been filled 
with the blood solution one of the pieces of glass rod is removed, the 
rubber tubing being at the same time compressed, so as to prevent 
air from passing into the bottle. The end of the pipette is now inserted 
into the rubber tubing, and the blood solution allowed to flow into the 
bottle. As the increase of pressure within the bottle prevents more 
than a part of the blood solution from entering, it is necessary to allow 
some of the air inside to escape. This is easily effected by pinching 
the rubber tubing which fits on the other glass stopper, and so opening 
a small channel for the passage outwards of the air. The pipette having 
been removed and the glass stopper again inserted without letting any 
air in, the bottle is now gently shaken for about ten minutes, at the 
end of which time the hemoglobin will have taken up all the carbonic 
oxide which it is capable of taking up from the contained air. With 
vigorous shaking the time required is much less, but the solution may 
become turbid from mechanical coagulation of albumin and hemoglobin, 
so that gentle shaking for a longer time is to be preferred. With about 
ten or twelve shakes in five seconds I found that four minutes’ shaking 
was not quite enough, but that six minutes gave the same result as 
ten minutes, so that ten minutes are certainly sufficient. 

_ When the shaking is complete the solution is removed with a 
pipette into one of three narrow test-tubes of exactly equal diameter, 
(about 2 ths or 4 inch), and each capable of holding at least 12 c.c. Into 


1 Zeitschrift f. anal. Chemie, xvru. 402, 
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another of the test-tubes exactly 5 c.c. of the original blood solution are 
measured by means of a pipette. The third test-tube is filled with 
some of the same blood solution, the hemoglobin of which has been 
already saturated with carbonic oxide. The saturation is effected by 
placing some of the blood solution in a small bottle or flask, the air in 
which is then washed out with coal gas. When the bottle is full of coal 
gas it is quickly closed with the thumb, and then shaken for two or 
three minutes so as to saturate the hemoglobin with carbonic oxide, of 
which coal gas contains about 5°/,—a quantity sufficient to produce 
(particularly in the absence of oxygen) rapid and absolutely complete 
saturation. The test-tube containing the saturated blood should be 
filled full and corked if it is to be kept for any time, as otherwise the 
carbonic oxide escapes from the solution. 

The tints of the solutions in the test-tubes are now - compared. If 
more than ‘01°/, of carbonic oxide was present in the sample of air the 
blood solution which has been shaken with the air will be pinker than 
_ the original solution contained in the second tube. If more than 3°/, of 
carbonic oxide was present the tint will be sensibly equal to that of the 
solution saturated with coal-gas. An approximate estimate of the 
saturation may even be made by simply comparing the three tubes, and 
from this estimate the percentage of carbonic oxide in the sample of air 
may be roughly estimated from the table given below. 

Standard carmine solution is now added from a burette to the 
solution in the second test-tube, until its tint is exactly equal to that of 
the solution which was shaken with the air. When the tints are nearly 
equal not more than ‘25c.c. of carmine solution are added at a time. 
The points are noted at which there is just not enough, and just too 
much carmine, the mean being taken as the correct result. The 
quantity of carmine required to produce equality of tint with the 
saturated solution is also determined or re-determined at the same 
time. 

The carmine solution is prepared as follows. One gramme of pure 
carmine is mixed in a mortar with a few drops of ammonia and dis- 
solved in 100 cc. of glycerine. This solution is preserved and a 
standard solution prepared from it when required by diluting 5 c.c. of 
the glycerine solution to 500 c.c. with water. It will be found that 
when about 6 c.c. of this standard carmine solution are added to 5 c.c. 
of ox blood diluted to 100th, the tint of the resultant solution is the 
same both in quality and intensity as that of the diluted blood when 
saturated with carbonic oxide or coal gas. Before making a determina- 
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tion, however, it is well to ascertain that the two solutions actually 
correspond. If in order to produce equality in intensity as well as 
quality of tint it is necessary to add water to either test-tube, the stock 
of blood solution or carmine solution must be diluted accordingly. It 
will be found that the amount of standard carmine solution required to 
produce the saturation tint varies slightly as the tint of the daylight 
changes. For this reason the amount should be determined each time 
the solution is used. The standard carmine solution should be prepared 
fresh when required, as it distinctly loses in strength when kept for a 
few days. The blood solution must also be freshly prepared, although 
the blood itself may be kept for a long time in a corked bottle. A 
blood solution may be so far altered as to be unfit for use even when 
the oxyhemoglobin bands, and no others, are visible on spectroscopic 
examination. A solution thus altered does not change colour to the 
usual extent when saturated with carbonic oxide. 

From the results of the titration with carmine solution the per- 
centage saturation of the hemoglobin with carbonic oxide may be 
easily calculated in the manner illustrated by the following example. 
To 5c.c. of blood solution 6°2 c.c. of standard carmine required to be 
added to produce the saturation tint. To 5c.c. of blood solution 2°2 c.c. 
of carmine required to be added to produce the tint of blood solution 
shaken with the air under examination. In the former case the 
carmine was in the proportion of 6°2 to 11°2: in the latter case in the 
proportion of 2°2 to 72. The percentage saturation of the hemoglobin 
in the blood shaken with the air was thus 

x x 100 = 55:2, 

In order to ascertain the percentage saturations of blood solution — 
corresponding to different percentages of carbonic oxide in air I made a 
number of test determinations. The mixtures of air and pure carbonic 
oxide were accurately made with the help of the arrangement described 
and figured in This Journal, Vol. xvim. p. 202, 1895, the bottle being 
filled with the air to be tested by leaving it for a sufficient time in the 
ventilation current between the bottle intended for an animal and 
the meter. The following results were obtained, 
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The average results are represented graphically in Fig. 1 of the 
preceding paper, and from them the following simplified table is also 
constructed. From this table the percentage of carbonic oxide in a 
sample of air may easily be calculated from the results of the titration 


with carmine. 


°/, Saturation 
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From the data given in the previous paper it is evident that this 
method will only give correct results when the oxygen percentage in 
the air is nearly normal. A deficit of two or three per cent. of oxygen 
will hardly influence the results appreciably, and may therefore be 
disregarded. A deficit of five per cent. in the oxygen of the air will, 
however, cause the results to be almost a third too high, so that, for 
instance, half saturation of the blood solution would apparently indicate 
‘15°/,, when in reality only *11°/, was present. If the oxygen percentage 
of the air were known an approximate correction might be made by — 
subtracting from the percentage of carbonic oxide apparently indicated 
the same proportion as that in which the oxygen percentage is dimin- 
ished. Thus if the oxygen percentage were diminished by a third 
(i.e. to 14°/,) it would be necessary to subtract a third from the carbonic 
oxide percentage apparently indicated. The correction depends on 
the fact that oxygen and carbonic oxide share the hemoglobin 
approximately in proportion to their relative mass influences. This 
assumption is however, no longer even roughly correct when the per- 
centage of carbonic oxide is less than ‘01, since, as shown in the pre- 
ceding paper, carboxyhzmoglobin is no longer an approximately stable — 
compound in presence of such a low percentage of carbonic oxide, even 
when oxygen is entirely absent. 

As a qualitative test for carbonic oxide, hemoglobin, when employed 
in the manner described above, is evidently a much more delicate reagent 
than was formerly supposed ; and it is somewhat difficult to understand 
how Vogel should have given ‘25 °/, as the lowest proportion of carbonic 
oxide which can be detected with blood solution. Spectroscopic ex- 
amination, as recommended by Vogel, is certainly a less delicate and 
less certain method of detecting carboxyhemoglobin than simple ob- 
servation of the colour of the solution. The reason for this is that the 
band of reduced hemoglobin occupies such a position as to effectually 
obscure the two carbonic oxide bands, which would otherwise be perfectly 
plain. The more reduced hemoglobin is present the more completely 
are the carbonic oxide bands obscured. When, however, oxyhsmoglobin 
instead of reduced hemoglobin is present, and the solution is simply 
examined by the naked eye, there is no difficulty in detecting a consider- 
ably smaller percentage of carboxyhewmoglobin. The effect on the eye 
of the light which has passed through the solution depends not merely 
on the position of the absorption bands, but on the total effect of the 
solution on the spectrum, and particularly on the absorption between 
the two bands, as compared with the total absorption in other parts of 
the spectrum. This latter proportion differs markedly in solutions of 
oxyhemoglobin and 
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It is however quite easy, as Hempel has shown, to detect less than 
‘2°/, of carbonic oxide in air, even with the spectroscopic test. It would 
seem, therefore, that in his original experiments Vogel had not shaken 
the blood solution sufficiently. 

There is no advantage in using for'the method just described a bottle 

of more than about 100 ¢c.c. capacity. A simple calculation will show 
that the amount of carbonic oxide taken up from the air by the dilute 
blood solution is only a minute fraction of the total quantity present in 
the bottle. The same air might in fact be used several times over for a 
determination ; ora smaller bottle might be employed without making 
the results more than very slightly too low. When ox blood is not at 
hand the whole of the determinations might be carried out on a smaller 
scale with human blood by using the tubes, &c. described in the previous 
paper. For a merely qualitative test all that is necessary is to dilute a 
large drop of human blood with about 10 c.c. of water, shake half of this 
solution in a small dry bottle full of the air, and then compare the colour 
of the two halves of the solution. 
_ When there is more than ‘5°/, of carbonic oxide present in the air, 
or when there is little or no oxygen present, the sample must be suitably 
diluted with air when it is desired to make a determination by the above 
method. Coal gas, for example, would require to be diluted to a,th or 
with air. 

The method may be more correctly described as a delicate than as 
an accurate one. There may be an error from one cause or another of 
as much as 5°/, in the determination of the saturation of the hemo- 
globin solution. With 20 to 60 per cent. saturation of the hemoglobin 
this would give rise to an error of about °02°/, in the determination of 
the carbonic oxide. Above 60°/, saturation the margin of error rises 
very rapidly, whereas with ordinary methods of analysis the margin of 
error does not thus increase. For the hygienic examination of air the 
method is nevertheless au exceedingly serviceable one, since it will 
detect and estimate percentages of carbonic oxide well under the limit 
at which there is any danger to life. It requires, as shown in the pre- 
ceeding paper, about ‘05°/, of carbonic oxide to produce, after several 
hours, even slight symptoms of poisoning, whereas ‘01°/, of carbonic 
oxide (or ‘2°/, of coal-gas, or ‘03°/, of water-gas, or producer-gas) may be 
detected and estimated. Should, however, a still more delicate method 
be required, the data given in the previous paper show that if the 
oxygen were first removed from the air the delicacy of the hemoglobin 
test would be increased by more than twenty times, so that it would be 
possible to detect and estimate as little as ‘001°/, of carbonic oxide, or 
‘02 °/, of coal-gas. | 
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FURTHER EXPERIMENTS ON THE EMBRYONIC 
HEART. By J. W. PICKERING, DSc. (Lond.), George 
Henry Lewes Student. 


(In part from the Physiological Laboratory of King’s College, London.) 


My attention has been directed to certain critical remarks written by 
Dr W. His’ on my paper published in This Journal’ on the Embryonic 
Heart; and consequently I have repeated some of my observations, and 
made further ones in order to throw light on the questions raised. 
Dr His thinks that some of the variations of cardiac rhythm, which I 
have recorded as resulting from the action of drugs, may possibly be 
due to variations of the temperature of the embryos during the experi- 
ments, and he calls especial attention to the experiments with ammonia. 

In answer to this suggestion, I must point out that precautions for 
the maintenance of a constant temperature during the experiments 
were taken’; and all the observations published were made in an 
incubator enclosed on five sides by a water-jacket and roofed in by 
glass. A thermometer inside the incubator indicated the temperature 
at which the experiments were conducted. 

I have repeated the experiments on ammonia, taking additional 
precautions for the maintenance of a constant temperature throughout 
the experiments. The incubator was heated by a small gas flame 
controlled. by a gas-regulator and five of the sides of the incubator 
were covered by a jacket of silicate of “cotton” to reduce heat radia- 
tion to a minimum. Embryo-chicks aged 75 hours were used, and the 
temperature remained constant during the observations. The following 
is an account of a typical experiment selected from a number. 


Embryo under conditions described above. The normal frequency of the 
embryo’s cardiac rhythm at the temp. of 38°C. was found to be constant at 
60 beats per minute during the half-hour immediately preceding the time 
when the observations were recorded. 


1 His. Centralblatt fiir Physiologie, vi, 11. 1894, 
2 Pickering. This Journal, x1v. 383. 1893. See also Proc. Roy. Soc, 52. 461; T'rans. 
Odont. Soe. of Great Brit. xxvi. 42, and This Journal, xv11. 495. 1895. 


$8° C. was constant for four hours. 
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12.0.0 1lc.c. of normal saline (-65°/, NaCl) containing ‘00075 of a c.c. 
of concentrated liquor ammoniae directly applied to the 
embryo’s heart. 

12.1.0 No change observed in the cardiac rhythm. 

12.2 to 12,15 

12.16 A second c.c. containing 00075 of a c.c. of ammonia given. 

12.17 to 30 No change observed in cardiac rhythm. 

12.30.30 A c.c. of normal saline containing 001 of ac.c. of ammonia 

given. 

12.31.30 Cardiac frequency fell to 58 beats per minute. 

12.32 to 12.36 Frequency constant at 56 beats per minute. — 

12.37.0 Another c.c. containing ‘001 of c.c. of ammonia given. 

12.38.30 Frequency rose to 75 beats per minute. 

12.40.0 Frequency 80 per minute, beats very strong. 

12.42.0 Frequency 86 per minute _,, im 

—12.45.0 Frequency 86 

12.48.0 Frequency 86 

12.48 to 1.10 The frequency was salitatabninl at 86 beats a minute 

and the beating was very strong. 


In my former work (loc. cit. pp. 436--7), in the experiment cited on 
the action of ammonia, similar doses at a temperature of 38° C. gave an 
increase of the embryo’s cardiac frequency of 30 beats per minute, in 

the experiment recorded above the increase was 26 beats per minute ; 
the stimulant result of the ammonia being typically shown in both 
cases, 

I also emphasised the influence of variations of temperature on the 
action of chemical stimuli on the embryonic heart and in the experi- ‘ 
ment alluded to I recorded the effect of raising the temperature to 
42° C. while in the case of my observations on the action of morphine 
acetate, barium chloride, strychnine and veratrine special stress was laid 
on the importance of the temperature of administration as affecting the 
results obtained. 

The effect of variations of temperature on the physiological action 
of a drug on the embryonic heart is well illustrated by the following 
experiments (selected from a number) — alcohol was the chemical 
stimulus used. 


Exp. I. Embryo-chick aged 75 hours, observed with precautions pre- 
viously mentioned. Temperature throughout the experiment 20°C. The 
constant frequency of the — 8 cardiac — at this temperature was 
60 beats per minute. 
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Cardi 

Time Dose administered frequency -. Remarks 

10.30 ‘0001 of a c.c. of pure 60 Condition normal — 
alcohol dissolved in 


1c.c. of normal saline : 
10.31.30 64 do. 
10.33 —_ 58 Beats slightly weaker 
10.34 — 54 do. 
10.35 ~- 50 do. 
10.38 — 46 No change noted 
10.40.0 44 do. 


10.40.30 Second c.c. containing 44 
0001 of a c.c. of alco- 


hol given | 
42 
10.42 $38 Beats irregular, systoles 
drawn out 
10.44 30 uent diastolic stoppages 
10.46 Candine stoppage 


On raising the temperature to 35°C. the heart resumed beating, and 
while the temperature was kept at 38°C. the heart maintained a constant 
rhythm of 70 beats per minute. 


Exp. II. Embryo aged 75 hours, conditions as above. Temperature 
throughout experiment 30°C. The normal rhythm at this temperature was 
70 beats per minute. 


Cardiac 
Time Dose administered frequency Remarks 
3.10.0  ‘000l¢.c. of pure alco- 70 Rhythm normal 
hol dissolved in 1 c.c. 


of normal saline given 
3.10.30 76 do. 
3.11.30 _ 78 Beats apparently a little 
stronger 
3.13.0 84 
3.14.0 — 86 Rhythm shows no change 
3.15.0 — 90 Rhythm apparently normal 
in characteristics 
3.18.0 —_— - 96 
3.20.0 — 96 do. 
3.25.0 a 94 do. 
3.30.0 — do 
3.35.0 — 92 do 
3.35.30. 0001 c.c. of alcohol 92 do 
(dissolved as before) | 
given 
3.36 a 96 do 
3.38.30 96 do, 
3.40 _ 92 Beats weaker than normal 
3.44.30 — 80 
3.46 76 do. 
3.48 72 do, 
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Cardiac 
Time Dose administered frequency Remarks 
3.55 — 68 Beats much weaker than 
normal 
0002 c.c. of alcohol do. 
given 
4.0 — 56 Beats very weak 
4.10 — 50 do. 
4.20 48 do. 


Exp. IIf. Embryo aged 75 hours, conditions of experiment unvaried ; 
except the temperature which was maintained at 38°C. The cardiac fre- 
quency was constant during the half hour preceding the observations 
recorded, at 86 beats per minute. 


ardiac 
Time Dose administered frequency Remarks 
12.15 ‘0001 ¢.c. of pure alco- 86 Rhythm normal 
hol dissolved in 1 c.c. 
| of normal saline 

12.15.30 bie 90 No change in characteristics 
observed 

12.16.30 — 94 do. 

12.18 — 100 do. 

12.20.0 108 do. 

12.23.0 — 116 Beats apparently a little 
weaker than normal. The 
difference was not marked 

12.28.0 — 118 No change observed 

12.32.0 — 116 do. 

12.40.0 116 do. 

12.40.30 -0001¢.c. alcohol given 116 do. 

(dissolved as above) 

12.41.0 _ 120 Rhythm apparently normal 

12.42.30 — 120 do. 

12.44.30 126 do, 

12.45.30 _- 126 do. 

12.49.30 — 126 do. 

12.50 ‘0002 c.c. alcohol given 126 do. 

12.50.30 128 do. 

12.52.0 ~ 120 Beats slightly weaker than 
normal 

12.55.0 110 do. 

1.0.0 a 100 Beats weaker than normal 
1.5.0 92 do. 

1.7.0 a 90 do. 

1.10,0 90 do 

1.10.30 0003 c.c. alcohol given 90 do. 

1.11.0 84 do, 

1.12.0 —- 80 Beats irregular 

1.15.0 — 60 Frequent diastolic stoppages 
1.16.0 — = Heart stopped in diastole 


On raising the temperature to 42°C. the heart recommenced to beat at a 
- frequency of 100, but the beats were weaker than normal, 
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Exp. IV. Embryo aged 75 hours, Conditions of experiment unvaried 
except the temperature which was maintained at 42°C. during the experi- 
ment. Normal cardiac frequency during the half hour preceding the obser- 
vations recorded was 100 beats per minute. 


Cardiac 
Time Dose administered frequency Remarks 
12.0.0 0001 cc. of alcohol 100 Rhythm normal 
dissolved in 1 cc. of 
normal saline 
12.0.30 = 106 
12.1.30 120 Beating and weak 
12.2.30 130 
12.3.0 — 142 Beats icles and irregular 
12.5.0 = 148 do. 
12.8.0 — 160 
12.10.0 cannot count Rhythm reversed, very irre- 
frequency gular and too rapid to record 
12.12.0 
to — do. do. 
12.16.0 
12.17.0 — 150 Irregularities not so marked, 
rhythm normal in direction, 
beats weak 
12.19.0 140 Beats fluttering, weak but in 
normal direction 
12.21.0 — 136 Beats. show more normal 
characteristics 
12.28.0 -- 120 do. 
12.35.0 = 110 Beats apparently normal 
12.36.0 110 do. 
12.42.0 108 do. 
12.50 —- 104 do. 
1.15 104 do. 
1.20 104 do. 
1.20.30 -000lc.c.of alcohol as 109 Rhythm apparently normal 
before | 
1,22.30 130 do. 
1.25.0 = 144 Beating irregular and weak 
1.26.30 — 158 Rhythm fluttering and irre- 
lar 
1.29.0 160 do. 
1.40.0 
to reco wor 
1.41.0 ‘ — Heart stopped in diastole 


On applying a weak interrupted current the heart recommenced beating 
with an irregular rhythm, which gradually after discontinuance of the 
electrical stimulation became more regular and finally remained constant at 
a frequency of eighty beats per minute, 
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_'The variations of cardiac rhythm of five 75-hr. embryos produced by 
‘0001 of a c.c. of alcohol is summarised in Table C. In each of the 
experiments the embryos were kept at, 20° C. 


TABLE C. 

Number Cardiac Maximum in-| Time elapsed from Maximum per- 

of |frequency before) crease of car- administration to | centage increase of 
embryo | giving alcohol diac frequency |} maximum increase | cardiac frequency 

1 50 8 2 min. 16° 9. 

2 48 6 1 min. 30 sec. > paar 

3 52 8 -l min. 40 sec. Mw, 

4 46 4 1 min. 30 sec. 86 ,, 

5 48 5 2 min. 10°4 ,, 


In the five experiments recorded in the next table the same dose was 


used (‘0001 of ac.c.) but the temperature was maintained throughout 
the experiment at 30°C. 


TasLe D. 
Number Cardiac Maximum in-| Time elapsed from Maximum per- 
of frequency before} crease of car administration to | centage increase of 
embryo | giving alcohol | diac frequency; maximum increase | cardiac frequency 
80 20 7 min. 25 °/, 
2 84 . 22 8 min. 26 ,, 
3 78 24 6 min. 30 ,, 
4 86. 20 7 min. 30 sec. 23 ,, 
5 90° 26 6 min. 30 sec. 28 ,, 


In the five experiments summarised in the table below the con- 
ditions and dose administered were unchanged. The weenare was 
maintained throughout the experiments at 38°C. 


TaBLe E. 


Cardiac 
frequency before 
| giving alcohol 


Maximum in- 
crease of car- 
diac frequency 


Time elapsed from 
administration to 
maximum increase 


q Number | | Maximum per- 

3 of centage increase of 
i embryo cardiac frequency 
4 I 86 30 8 min. 30 sec. 34°8 °/, 

2 90 32 7 min. 30 sec. 35°5 ,, 

4 3 84 26 6 min. 30°9 ,, 

4 4 92 30 8 min. 32°6 ,, 

; 5 88 28 7 min. ,, 
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A similar series of experiments to those recorded in the foregoing 
tables with 75-hour embryos kept at 42°C. in each case resulted in a 
cardiac rhythm characterised by a frequency too rapid to be counted ; 
and at the same time irregular and weak. 


TaBLE F. Shows the average maximum increase of cardiac fre- 
quency produced in twenty experiments with ‘0001 of a c.c. of alcohol 
at the temperatures as below stated on 75-hour chick-embryos. 


E k E kept k Emb 
6°2 22°4 29°2 Too frequent to 
be counted 


TaBLE G. Is the average record obtained from twenty experiments 
on 75-hour embryos made with veratrine (0001 gram dissolved in 1 c.c. 
of normal saline). i 
at at at at 
Average maximum 
variation of cardia —4 +2 +5 + 16 
frequency 7 
TaBLE H. Is the average record obtained from ten experiments 
on 75-hour embryos where ‘0003 gram of veratrine dissolved in 1 c.c. of 
normal saline was used. 
E E Emb E 


A maxim 
frequency 


The cardiac rhythm at 42°C. was much weaker than the normal. 


ev 


Remarks on the Preceding Experiments. 


In considering the observations here recorded two important factors 

must be borne in mind. Ist. The experiments were conducted on a 

heart prior to the development of a nervous mechanism. 2ndly. At this 

stage of development Pembrey’ has shown that the embryo-chick has 

not developed its “mechanism” for heat regulation. Consequently we 

have a direct action of drug and heat on the heart without the com- 

sy plications of either of these two sources of variation. 

A study of my experiments here recorded, has convinced me that my 

previous conclusions, cited in the opening of this paper as regards the 

réle played by temperature variations on the action of drugs on the 


| This Journal, xvi. 881. 1895. 
PH, XVII. 32 
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hearts of embryo-chicks do not require modification. Besides this 
statement I wish to emphasise the following points. 
(1) The combined accelerator and augmentor action of small doses 
of alcohol on the embryonic heart reaches its maximum at about 38° C. 
(2) At low temperatures even small doses of alcohol rapidly depress 


__ the rhythm of the embryonic heart (see Table A). 


(3) A temperature of 40° C. and. upwards has a marked influence on — 
the action of alcohol on the embryonic heart. The frequency becomes 
too rapid to record, while the force of the beats is apparently greatly 
diminished and in case of higher temperatures becomes reduced to mere 
spasmodic twitching (see Exp. IV). 

(4) A dose of alcohol which at a low temperature (20°C.) is a 
depressant has at higher temperatures an accelerator action (vide Tables 
A and B). 

(5) The maximum accelerator action of alcohol on the embryonic 
heart is attained more rapidly at lower than at higher temperatures. 

(6) Similarly the depréssant action also comes on more rapidly at 
a lower than at a higher temperature. 

(7) The cardiac stoppage produced by moderate doses of alcohol at 
a low temperature can be usually removed by heating or by the appli- 
cation of electrical stimuli. 

(8) Similarly the cardiac stoppage produced by small doses of 
alcohol at a high temperature can sometimes be removed by cooling. 
Electrical stimulation however induces a condition not unlike tetanus. 

(9) A dose of ‘1 mg. of veratrine (dissolved in ‘65°/, NaCl) acts 
as a depressant to the embryonic heart at 20°C.; but at a temperature 
above 30°C. produces a marked acceleration of the cardiac rhythm. 

(10) A dose of ‘3 mg. of veratrine is fatal at 20°C. while at 42°C. 
the average reduction of cardiac frequency produced by this dose was 
two beats per minute (see Table H). 

(11) Ammonia acting at 38°C. has a marked accelerating action on 
the embryonic heart. 

(12) The preceding observations render it probable that the meta- 
bolic changes produced by drugs on the embryonic heart are de- 
pendent on the temperature of administration. 


Action of Muscarin nitrate and Atropin sulphate. 


Dr His also suggests that my result with muscarin, viz. that it is. 
inactive on embryo chicks’ hearts from the 70th to 100th hour, was due 
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to my preparation of that substance being inactive. Reference to my 
paper will show that I performed control experiments on frogs’ hearts to 
make sure of its activity before testing it on those of embryo chicks. 
Further my observations are entirely in accord with those of both 
Krukenberg’ and Kobert?*, who have also found that muscarin had 
no action on the hearts of early chick-embryos. 

I have since found that active samples of muscarin nitrate which 
fail to induce stoppage in 75-hour embryos will at the normal tempe- 
rature of 38°C. produce a typical stoppage in 200-hour embryos. 

The following experiment illustrates the action of muscarin nitrate 
on the hearts of 200-hour chick embryos. It also records the antagon- 
istic action of muscarin nitrate and atropin sulphate. 


The temperature throughout the experiment was constant at 38°C. 
Precautions observed as in preceding observations. Normal cardiac fre- 
quency of the embryo at this temperature 102 beats per minute. 


Cardiac 

Time Dose administered frequency Remarks 
11.30 ‘15 mg.of muscarin ni- 102 Rhythm normal 

trate dissolved in 1 c.c. 

of ‘75 °/, NaCl 
11.31 96 Rhythm apparently un- 

changed 
11.33 — 94 Beats slightly weaker 
11.36 — 80 Beats much weaker 
11.40 62 do. 
11.44 — 54 Rhythm very weak 
11.50 26 do. 
11.56 a 22 do. 
11.57 — 14. ~— Rhythm very difficult to ob- 
serve 

11.58 —_—— 0 Heart stopped 
11.59  -15 mg. of atropin sul- 0 

phate dissolved in 1 c.c. 

of -75°/, NaCl 
12.1 — ee Heart gave 2 feeble twitches 

during minute 

12.2 os 4 Rhythm very feeble and with 
12.3 = 3} long diastolic pauses 
12.8 22 Beating stronger 
12.10 26 
12.15 26 unchanged 


1 Krukenberg. Vergleichend-physiologische Studien, Dritte Abtheil., Heidelberg, 
1880. 8.151, 
2 Kobert, Archiv fiir exper. Path. u. Pharm. xx. 110, 1886. 
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Cardiac 

Timé © Dose administered frequency Remarks 
12.15 ‘2mg. of atropin sul- 26 Characteristics unchanged 

phate dissolved in 1 c.c. 

of ‘75 °/, NaCl 
12.17 — 34 Rhythm mth than before 
12,22 — 38 
12.30 — 46 Rhythm fn strong 

46 


12°35 to 1.10 


In those cases where muscarin nitrate had caused complete cardiac 
stoppage I failed to restore the embryos’ rhythm by means of — 
sulphate to its normal frequency. 

The following table summarises the results of nine experiments on 
embryos varying in age from 195 to 210 hours. 

A study of this table shows that the average dose of muscarin 
nitrate requisite to induce cardiac stoppage was “173 mg.; and partial 
restoration of the rhythm resulted from the subsequent administration 
on the average of ‘2 mg. of atropin sulphate. The average frequency of 
the restored rhythm was 40°9°/, of the original frequency before admin- 

istration of the muscarin nitrate. 


I. 


All the experiments recorded in this table were performed at 38°C. and 
the muscarin nitrate used was of Martindale’s preparation. 


Cardiac | Dose of muscarin | Dose of atropin | Frequen 
frequency | nitrate to induce sulphate of 
at 38°C. | cardiac stoppage | antagonise same | cardiac rhythm 
I | 210 hrs. 86 ‘15 mg 2 mg 40 
II | 200 ,, 106 Ce 25 ,, 44 
IIT | 195 ,, 92 40 
IV | 206 ,, 88 25 ,, 36 
V 200 ,, 60 30 
VI | 208 ,, 75 26 
VII | 200 ,, 100 ase 25 ,, 38 
VIII | 200 ,, 80 30 
IX | 198 86 ,, 49 


A record of the antagonistic action between muscarin nitrate and 
atropin sulphate, when the dose of muscarin nitrate is too small to 


induce complete stoppage i is shown in the following table CFompayetare 
38° C.). 
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TABLE J. 

~Frequenc uen uency after 

No. of | Age of | el 

embryo embryo nitrate given muscarin muscarin | +°2mg. of atro- 

nitrate nitrate pin sulphate 

: 1 200 hrs. ‘075 mg. 110 40 86 
2 250 O75 ,, 136 100 130 
3 200 ,, 76 47* 
4 BLO x5 025 ,, 90 66 88 
5 218 ,, 025 ,, 88 63 88 
6 220 ,, ee os 100 58 90 
7 210 ,, ‘1 100 17 26 
| 8 215 ,, 88 56 84 


* Probably the excess of atropin sulphate exhibited its own depressing effect. 


In the following table the action of muscarin nitrate at 38°C. on 
chick-embryos of various ages is recorded. 


K. 
No. of Age Dose of muscarin Reduction of 
embryo of embryo nitrate given cardiac frequency 
I 120 hrs. 75 mg 0 
II 130 ,, 0 
Il 150 ,, 0 
IV 160 ,, 4 
VI 170 ,, 30 
vil 180. ,, 60 
Vill 185 ,, stoppage 
Ix 190 ,, 25 do. 
X 195 ,, do 
xI 198 ,, do 
XII 200 ,, do 
XIII 250 ,, 075 ,, do 
| XIV 280 ,, 075 ,, do 


The next table records the action of muscarin nitrate, and the 
attempts to antagonise the same with atropin sulphate on embryo 
chicks kept at 20°C. 
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L. 
i Dose of atropin | Restored cardiac 
No. of Age of sulphate sabes: rhythm in beats 
embryo embryo indtice stoppage quently given per minute 

1 170 hrs. ‘75 mg. ‘85 mg. 0 
2 175 ,, 0 
3 180 ,, 4 
185 _,, 75 ,, 10 
5 200 ‘25 ‘35, 5 
6 200 ” 2 99 3 ” 8 
7 200 2 ‘3 ” 9 
8 250 ,, 4 
9 200 ,, 8 
10 220 ,, ‘275 ,, 15 


The diastolic stoppage produced by muscarin nitrate on the hearts 
of chick-embryos aged 175 hours and upwards is often removable by 
the application of heat. In this respect the hearts of the older chick- 
embryos behave in a similar manner to that described by Petri’ as 
characteristic of frogs’ hearts. In the table below is recorded the action 
of muscarin nitrate on five embryos kept at 25°C., and in the third 
column the degree of temperature is noted at which the hearts recom- 


menced beating. 
TasBLe M. 
No, of | Dose. of muscarin| Temperature at Cardiac Cardiac frequency 
embryo nitrate to produce! which rhythm frequency after heating the 
stoppage recommenced before muscarin | stopped heart 
1 15 mg. 36° 60 28 
2 15 ,, 39° 70 32 
3 175 ,, 40° 65 34 
4 ye 38° 80 4] 
5 175 ,, 39° 72 36 


The following points are evident from a study of the statistics 
recorded in the last five tables (I to M): 
(1) Muscarin nitrate depresses the cardiac rhythm of chick-embryos 
which are older than 200 hours. In larger doses its action culminates 
in diastolic stoppage; which in many cases can be removed by the 


1 Petri. Dissert. Bern, 1881. 
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subsequent application of atropin sulphate. In this respect the hearts 
of older embryos behave in a similar manner to frogs’ hearts. 

(2) The depressing action of muscarin nitrate on hearts of chick- 
embryos is typically exhibited when the age of the embryo is over 200 
hours. It is shown to a lesser degree in embryos aged from 170 to 190 
hours ; and in one case a slight cardiac depression (4 beats per minute) 
was observed in an embryo aged 160 hours. On younger embryos this 
drug has no depressing action on the heart rhythm. 

(3) The dose requisite to induce a “ muscarin stoppage” decreases 
with the age of the embryo. Thus ‘5 mg. was necessary for a 185 hr. 
embryo, ‘1 mg. for a 200 hr. embryo, and only 075 mg. for a 250 hr. ~ 
embryo, With a 150 hr. embryo ‘9 mg. had no action (see Table K). 

(4) Atropin sulphate will only partially restore the cardiac 
rhythm of embryos whose hearts have been stopped by muscarin (see 
Table I), but if the depressing action of the muscarin has not gone so 
far as to induce stoppage, a subsequent application of atropin sulphate 
may almost completely restore the cardiac rhythm (see Table J). 

(5) Muscarin nitrate has a much more powerful action on the 
hearts of embryo-chicks kept at a subnormal temperature than at the 
normal temperature of incubation. The frequency of the restored 
rhythm of hearts kept at 20°C. averaged in ten experiments 6'3 beats 
per minute, while the average in the case of embryos kept at 38° was 
36 beats per minute (see Tables I and L). 

(6) The stoppage produced by muscarin nitrate at a low tempera- 
ture can often be removed by heat (see Table M). 

(7) There is therefore a marked contrast between the absence of 
action of muscarin nitrate and atropin sulphate on the hearts of 
embryo-chicks aged from 50 to 140 hours, and the typical action of 
these substances on older embryos. 


Oct, 21, 1895. 
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ON THE AMOUNT OF IRON IN ORDINARY DIET- 
ARIES AND IN SOME ARTICLES OF FOOD. By 
RALPH STOCKMAN, M.D., F.R.C.P.E., Assistant Physician 
to the Royal Infirmary, Edinburgh ; Lecturer on Materia Medica 
and Therapeutics in the School of Medicine. ' 


ALMosT the only available data with regard to the amount of metallic 
iron present in the normal dietary of healthy persons, are those con- 
tained in a paper by Boussingault' in which he tabulates a number 
of analyses of the amount of iron in various articles of food and drink. 
From these he calculates the iron in the daily dietary of a French sailor 
to be 0°066 grm., of a French soldier 0078 grm., of an English workman 
00912 grm., of an Irish labourer 0°109 grm., and of a convict 0°059 grm. 
He did not analyse the cooked food actually consumed, but made the 
estimates from his analyses of separate raw articles. All recent 
research tends to show that the older estimations of iron in organic 
substances have given results invariably much too high, owing chiefly 
to sufficient care not having been taken to thoroughly destroy the 
organic matter present. In estimating small quantities of an iron salt 
in solution the most convenient method is to reduce it to the ferrous 
state by means of zinc, and then determine its amount by ascertaining 
how much of a, standardised solution of potassium permanganate is 
required to oxidise it to the ferric state. Hence the presence of organic 
matter or other reducing agent greatly affects the results, and my 
experience in these analyses has been that it is an extremely difficult 
and tedious affair to get rid of the last traces of organic matter from 
the solution containing the iron. It appeared to me probable on other 
grounds also, that Boussingault’s estimates of the amount of iron 
ingested daily were too high, and hence jt was desirable to make 
other analyses. In doing so I obtained the exact dietary of 
various persons for one day, and in each case having evaporated the 
liquid portion to a thick syrup added this to the solid portion, and then 
proceeded in two ways. 

By one method the whole day’s food was heated in a porcelain 
basin on a steam-bath for many days with dilute sulphuric acid 
until it was thoroughly charred; it was then carefully dried over a 


1 Boussingault, Comptes Rendus, uxxrv. 1852. 1872. 
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slow flame, ashed in a porcelain capsule, and the ash repeatedly 
extracted with a mixture of strong hydrochloric and dilute sulphuric 
acids. There was always some carbon left in the ash, and to destroy 
this the whole residue after extraction with the acids was again 
ashed in a platinum capsule and again extracted thoroughly with the 
mixed acids, the process being repeated if necessary. The acid solu- 
tions were then mixed, the hydrochloric acid evaporated off, and 
the sulphuric acid solution heated to destroy any organic matter which 
might have previously escaped destruction. It was usually neces- 
sary to repeat the evaporation with strong sulphuric acid oftener than 
once to get rid of the last traces of carbon or other reducing bodies. 
The residue was then taken up with dilute sulphuric acid, reduced to 
ferrous salt with zinc, and titrated with potassium permanganate solution. 

By the other method which was used the dietary was charred in a 
copper basin over a flame, transferred to a porcelain basin and extracted 
with a mixture of strong hydrochloric and dilute sulphuric acids. The 
ashing was then finished in a platinum basin, this ash being also 
carefully extracted with the mixture of acids. To get rid of the copper 
present, the mixed acid solutions were treated with excess of ammonia 
which dissolves the copper but precipitates the iron as ferric hydrate ; 
the whole was then filtered, the precipitate washed with water and 
extracted with a mixture of strong hydrochloric and dilute sulphuric 
acids. The hydrochloric acid was evaporated off and the residue treated 
as before with strong sulphuric acid to destroy any traces of organic 
matter. Finally the whole was taken up in dilute sulphuric acid, 
reduced with zinc and titrated as before. | 

It is hardly necessary to say that the reagents used were all specially 
prepared and proved to be free from iron and that the basins were 
similarly tested before use. The great difficulty encountered was to get 
rid of all traces of organic matter, and in addition to the repeated 
evaporations with strong sulphuric acid it was often necessary to heat 
the final solution with solution of potassium permanganate until all the 
organic matter had been completely oxidised. Perfect accuracy is very 
difficult to obtain, owing to the large amount of material dealt with and 
the small quantities of iron present, but every precaution was taken to 
- eliminate error, and the results are very concordant. Professor John 
Gibson of the Heriot-Watt College very kindly examined the residues 
left after treatment with the acids, and found that the iron had always 
been thoroughly extracted. It may be remembered also that in titrating 
with potassium permanganate errors of manipulation or of analysis tend 
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to increase rather than to diminish the estimation of the amount of 
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iron present, so that the results tend to be high rather than low. 
The results of the analyses were as follows: 


Iron in mgms. 
_*1. Ordinary Diet, Royal Infirmary, Edinburgh . 93 
2. 7 ° 6:0 
+4. Convalescent Diet 6:3 
t6. My own Diet 
10. Lady,somewhat older, married . . . 70 
711. Nurse, Deaconess Hospital, Edinburgh. . 92 
13. Nurse, Royal Infirmary, Edinburgh . . 890 
**16. Domestic servant (chlorotic). . . . 28 
Factory girl (chlorotic) . ‘ 
20. Fecesofmanonfulldiet . . . . 120 
* I analysed the same amount of + The convalescent diet consists of : 
cooked food as certain patients ate, Fish Sie te 
_and not the exact “ordinary diet,” 
which is as follows : | Minced Collops 6 oz. 
Meat 8 oz. (uncooked) Bread 16 oz. 
Vegetables 12 oz. Vegetables 8 oz. 
Bread 16 oz. Salt oz. 
Barley, peas, or rice 14 oz. Tea } oz. 
Salt 02. Sugar 1} oz. 
Sugar 1} oz. Butter 1 oz. 
Milk k or 1 pint 
Butter loz 
Porridge and buttermilk 


1 The end reaction here was very indefinite, probably owing to some reducing agent 
being present, and the result is undoubtedly too high. 
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¢ My own diet for this day consisted of: 

Breakfast. Porridge and milk, coffee and milk, bacon and one egg, 
one slice of toast, butter and honey. 

Lunch. Small piece of tongue, bread, beer. 

Dinner. Fish, roast beef, stewed apples, potatoes and vegetables, 
cheese, oatcake, butter, cup of coffee. 3 

§ 8, 9 and 10 were diets from healthy young women in easy circumstances 
doing no work except light household duties. The meals were 
breakfast, lunch, afternoon tea, and dinner, the quantities consumed 
being about an average for a woman. 

{| The nurses’ diets may represent those of healthy young women doing 
comparatively hard work. The amount of meat, etc., was somewhat 
larger than in the three preceding cases, but the chief difference lay in 
the much greater quantities of bread and carbohydrates consumed by 
them. 

** 16 and 17 were two days’ dietary of a girl, aged 23, who was 
suffering from chlorosis. The difference in the amount of food, and 
consequently of iron, ingested in this and the next case compared with 
the preceding diets is extremely striking. Her meals were as follows: 

Breakfast. Cup of milk, bread and butter. 
Dinner. Soup, small piece of chicken, and small piece of bread. 
Tea. Tea and bread, or very often nothing. 

tt 18 and 19 were two days’ diet of a girl, aged 20, employed in rubber 
works and suffering from chlorosis. Her — was very poor and 
she ate extremely little: 

(1) Breakfast. Tea with milk and sugar. 
Dinner. Tea with milk and sugar, bread. 
Supper. Ham and egg, bread. 

(2) Breakfast and dinner. Same as before. 
Supper. Fish and bread. 


I have also made analyses of the amount of iron in a few common 
articles of food and in bone-marrow, the results of which are given in 
the following table. 


| Iron in mgms. 
1, 568 c.c. sweet milk (1 pint). . 22=38mgms. per 1000 cc. 
2. 700 cc. sweet milk . 14=20 , 
3. 650cc.skim milk . 28=43 , 
4, 100 gms. oatmeal (88 g. dried at 
3°1 =3°5 per 100 g. dried. 
5. 300 gms. fine bread (210 g. ‘dried 


at 110°C.) 18=085 , 


a 
4 
. a 
4 
‘ 
) 
4 
4, 
et 
4, 
ja 
& 
4a 
A 


488 R. STOCKMAN. 
Iron in mgms. 
6. 280 gms. common bread (180 g 
dried at 110°C.) .. 1:1=0°61 per 100 g. dried. 
7. 20 gms. yellow ox-marrow . . 08=40 per 100 g 
9. 100 gms. : = 2°5 
10. 26 gms. red calf-marrow 
11. 40 gms. S5=87 
12. 120 gms. ‘beofatenk 


Number 2 agrees closely with Bunge’s analysis, who found 2°4 
mgms, Fe in 1000 gms. cows milk; numbers 1 and 3 are higher. 
In 1000 gms. woman’s milk Bunge found 2°8 and 42 mgms. of 
iron. Winter Blyth gives an analysis of oatmeal in which 1°4 mgms. of 
iron were found in 100 gms., which is about one-half only of what my 
analysis gave. No doubt the quantity of iron must differ considerably 
in different specimens of the same substance, as it must depend greatly 
on the quantity of the metal present in the soil or in the organism and 
available for use. The amount found in beefsteak will depend very 
greatly on the extent to which the animal has been bled. 

The quantity of iron in the daily dietary of healthy persons 
with good appetite averages therefore from 8 to 10 or 11 mgms., while 
those who eat less ingest about 6 to 8 mgms. per day. Four or five 
pints of sweet milk daily suffice to maintain an adult in health, and this 
amount, according to the above analyses, would contain about from 6 to 
10 mgms. of iron, while the convalescent diet of the Royal Infirmary, 
which is certainly a sufficient maintenance for persons leading a some- 
what inactive life, furnishes 6 mgms. of iron per day. 

The iron metabolism of the body must therefore be small, very little 
of the metal can be excreted, and the great bulk must be retained in 
the body and utilised over and over again. It has now been established 
that only about 1 mgm. is excreted daily in the human urine, while the 
amount in the bile of dogs is only about ? mgm.! How much is 
excreted under normal conditions by the intestinal mucous membrane, 
in shed epithelium and in other ways it is impossible to determine, but 
the daily total excreted by all channels must be extremely small and is 
probably well under 6 mgms. Cetti, during a ten days’ fast, excreted 


1 For details and references cf. Stockman, Brit. Med. Journ, 1. 1893. “The Treatment 
of Chlorosis by Iron and some other Drugs.’ 
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an average of 7 mgms. iron per day in his feces, and Breithaupt, 
during a six days’ fast, an average of 8 mgms.', but the condition of 
fasting is peculiar and may conceivably cause an abnormal drain on 
the blood corpuscles as well as on the other tissues. The 6 to 10 mgms. 
of iron present in a sufficient dietary certainly suffices to supply 


the physiological needs of the body and to keep the individual 


in good health. It seems certain that when the red blood corpuscles 
break down, although their pigment is to a large extent excreted in the 


_ bile and urine, yet their iron must be retained very largely in the liver 


and spleen, where it is stored and gradually utilised as required for the 
formation of new red corpuscles. 

This research was begun and partly carried out in the Laboratory 
of the Royal College of Physicians of Edinburgh. By the kindness of 
Prof. Crum Brown I was enabled to finish it in the Chemical 
Laboratory of the University, so as to have the benefit of the super- — 
vision and assistance of my friends Dr Dobbin and Dr Hugh 
Marshall, to the latter of whom I am specially indebted for the 
very large amount of help he gave me. 


1 Virchow’s Archiv, cxxxt. 1893. 


28th Aug. 1895. 
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THE WANDERING CELLS OF THE ALIMENTARY 
CANAL. By W. B. HARDY, M.A. Fellow of Gonville and 
Caius College, Cambridge, anv F. F. WESBROOK, M_D., John 
Iucas Walker Student and Professor of Bacteriology in the Uni- 
versity of Minneapolis, U.S.A. Plate V. 


(Physiological Laboratory, University of Cambridge.) 


Introduction. 
Part I. Methods. 
Morphology and Histology. 

The oxyphile cells. The shape of the nucleus considered. 

The basophile cells. The instability of the granules in 
presence of water. Arrangement of the cells. The 
basophile layer of carnivora. 

The hyaline cells. 

The splanchnic wandering cells of the foetus. 

The cells described by Heidenhain compared with the 
foregoing. 

Part II. Activities of the splanchnic wandering cells. 

General considerations. Oxyphile cells. 

Their distribution in “rest” and “ activity.” 

Their migration into the epithelium and lumen of the gut. 

Absolute and relative number present. 

Relation of changes in number and position to events 
occurring in the gut. ) 

- Hyaline cells. Changes in appearance of the cells; migra- 
tion. Ingestive activity. Absorption of iron by hyaline 
cells, 

Basophile cells. Connection with abnormal events; con- 
nection with normal events. Attempt to determine 
by direct experiment the effects of a purely flesh diet. 

Part III. Origin of splanchnic wandering cells. 
General Conclusions. 
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For the purposes of this research the following animals have been 
examined :—the frog and newt representing Amphibia, the common 
grass snake representing Reptilia, and among Mammals, dogs, cats, and 
ferrets as carnivorous types, and guinea-pigs, rabbits, oxen and sheep as . 
herbivorous types. In addition to these the rat was used as an animal 
of omnivorous habit, and the hedgehog as a type of a group, the 
Insectivora, which in its anatomical characters lies in many ways 
midway between the carnivora and the other deciduate mammalia. 


Lastly as young animals puppies and kittens were used, and foetal 


calves were also examined. 

The regions examined were the stomach, chiefly the pyloric end, 
small and large intestines and rectum. Attention was chiefly directed 
to the small intestine. 


Part I. 


Methods employed. It is absolutely necessary to fix the pieces of 
gut intended for examination within at most a minute or so after the 
cessation of the blood flow. Therefore immediately the animals were 
killed, usually by beheading, short pieces of the gut were removed, cut 
open, and plunged in the fixing fluid. 

The reagents employed for fixation were absolute alcohol and a satu- 
rated solution of corrosive sublimate in 0°6°/, salt solution. These were 
employed boiling, at the temperature of the room (16 to 20° C.) and at 0°C. 
Absolute alcohol is the only reagent which preserves all the varieties of 
cells, In the case of this reagent it is the rule that fixation at high 
temperatures is best for basophile matter, while fixation at medium to 
low temperatures is best for oxyphile matter. Corrosive sublimate is 
useful in checking the results obtained with absolute alcohol in respect 
to the number of oxyphile cells. 

Gold chloride and osmic acid vapour were asia occasionally. | 

In all cases the histological analysis of tissues was made with a 
variety of stains. Those employed were Ehrlich’s neutral mixture, and 
the Ehrlich-Biondi mixture; the acid stains, eosine, methyl eosine, 
orange G, acid fuchsin in presence of acetic acid, sodium sulphindigotate, 
and hematoxylin. The acid stains were used in aqueous, glycerine, and 
alcoholic solutions after the manner described by Kanthack and Hardy’. 
The basic stains employed were methylene blue, thionin, and dahlia in 
saturated alcoholic solutions, and the intensity of the staining power 


1 This Journal, xvi. 81. 1894. 
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was controlled by the percentage of alcohol present. A solution in 
85°/, alcohol is perhaps most generally useful, but by using various 
strengths of alcohol accurate comparative determination of the affinity 
of particular substances for the dye may be made. | 

The basophile cells of the gut are always exceedingly sensitive to 
the presence of even minute traces of water, therefore in basic staining 
the percentage of alcohol should not fall below 80. It also follows from 
this fact that rapid dehydration with absolute alcohol is essential to the 
preservation of these bodies. : 

It is necessary to say a few words concerning the effect of tempera- 
ture on staining. We distinguish two’ processes in the colouring 
of a tissue with a dye, one a physical process in which the dye is 
precipitated probably by surface tension acting in the minute capillary 
spaces, and another in which a chemical union between the dye and 
some particular substance occurs. The physical action leads to the 
diffuse colouration of the tissue, and this precipitated colour can generally 
be removed with ease by washing with some solvent of the dye. 
_ Farther it is obvious that the general colouration of the tissue by this 
_ physical process will be diminished by increasing the solvent power on 
the dye of the medium in which the dye is applied. Thus, in the case 
of methylene blue, if a saturated alcoholic solution of this dye be heated 
it becomes an unsaturated solution since methylene blue is more soluble 
in hot alcohol than in cold alcohol. Therefore a hot alcoholic solution 
of methylene blue produces less physical (diffuse) colouration, but on 
the other hand the chemical processes are intensified and the true 
dyeing action is more marked. On the other hand with cold solutions 
the physical process is accentuated and the chemical process diminished 
or, it may be, arrested. : 

Turning to the facts of the case it was found that during the cold 
weather of last winter the temperature of the solutions at times fell to 
a point at which the chemical processes—namely the dyeing of the 
basophile granules (dog) with methylene blue—took place with such 
exceeding slowness that in eight hours only a faint trace of colour was 
visible here and there. This was because the critical temperature for 
the union of the granule substance of the basophile cells of the dog and 
methylene blue is about 13°C. At this temperature however the tissue 
generally colours deeply. | 

With a boiling solution of the dye very different results are given— 
the basophile granules colour very intensely while general colouration is 
almost absent—if the hot solution is rapidly blotted off the section. 
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This brings us to the practical issue that basic staining with 
methylene blue i is in most cases best effected by boiling solutions of 
the dye. 

Imbedding was always performed by means of chloroform. 

The tissue was passed very gradually from absolute alcohol into 
chloroform, which was then saturated at a moderate temperature with 
paraffin, and the chloroform driven off by moderate heat. After the 
sections were cut they were fixed to coverslips and the paraffin removed 
by xylol or chloroform. | 


MORPHOLOGY AND HISTOLOGY. 


In the bodies of all the Metazoa so far as we know there exists a 
tissue composed of isolated units each of which is a cell endowed with 
the power of amceboid movement to a greater or less extent. These 
cells have for their home the fluids of the body and, in the lowest 
animal types, the cells are all of one kind while in the higher forms 
they have become differentiated into three kinds; the oxyphile cell 
bearing discrete granules which stain with acid dyes, the basophile cell 
bearing discrete granules which stain with basic dyes, and the hyaline 
cell which does not form discrete granules. These wandering cells are 
derived from the mesoblast, and to them as a whole the name “ sporadic 
mesoblast” has been given. 

So far as is known all the members of the Craniata possess these 
three types of wandering cells, but in the higher forms—namely in 
those animals which constitute the Mammalia—the three types are no 
longer uniform in character throughout the body as they are in the 
lower Craniata but differ in certain structural details. In these animals 
the sporadic mesoblast is further differentiated into portions, each com- 
posed of three kinds of cells, oxyphile, basophile, and — and each 
related to a special part of the body. 

In an earlier paper’ two of these groups were sesnsaiinid namely 
a hemal group related to the blood system, and a celomic group 
related to the great ccelomic spaces, and, a closely related structure, the 
peripheral lymph system. This present paper has for its object a 
consideration of the minute structure and function of those wandering 
cells which lie in the interspaces of the mucous coat of the gut, and of 
the relation of these cells to those of the coelomic and hemal groups. 


1 Kanthack and Hardy, loc. cit. 
PH, XVIII, 33 
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To these cells of the gut the term “splanchnic” cells might conveniently 
be given. 

Oxyphile cells, The oxyphile cells of the gut in shape are round or 
irregular and each bears a round or horse-shoe nucleus, resembling in 
this particular the coarsely granular oxyphile cell’. The cell substance 
is crowded with discrete granules which stain with acid dyes, the size of 
the granules and the intensity of their affinity for acid dyes varying in 
different animals. | 

Thus in Amphibia (frog and newt) and Reptilia (grass snake) the 
splanchnic oxyphile cells agree in every particular, in the size of the 
cell, in the nuclear characters, and in the size, highly refringent nature, 

and staining reactions of the granules with those found generally in the 

blood, lymph, and connective tissues of the body (cf. Fig. la with 
Fig. 1b). They are cells of about 10 u in diameter with an eccentrically 
placed nucleus which is in most cases elongated, and bent round to 
form a more or less complete horse-shoe. 

In the Mammalia the splanchnic oxyphile cells differ from those 
found elsewhere in the size and shape of the cell and in the size and 
shape of the granules. The nucleus, as in the case of the cold-blooded 
animals, is mostly horse-shoe in shape though a varying and sometimes 
large percentage of the cells present in any section show-round nuclei. 

In type these cells most closely approach the oxyphile cell of the 
coelomic group, that is the coarsely granular oxyphile cell, and in the 
ox, sheep, and rabbit the difference is solely one of size. The same 
typical crowding of granules, characterised by a high refractive index 
and an intense affinity for acid dyes is observed in both, but the 
splanchnic cells and granules are somewhat smaller (Fig. 2). Thus in 
the rabbit the splanchnic oxyphile cell averages 7 » in diameter while 
the coelomic oxyphile cell averages 10 p. 

In the rat too these splanchnic oxyphile cells closely resemble those 
of the ccelomic system except in the matter of size but here the 
difference is greater than in the previously mentioned forms, the 

_ splanchnic oxyphile cell averaging 6 to 6°5 uw while the coelomic oxyphile 
cell averages 10 w (Fig. 3). The splanchnic oxyphile cells of the hedge- 
hog resemble those of the rat in type. 

In the carnivora, ferret, cat and dog, the splanchnic oxyphile cells 
depart very widely from the types found elsewhere (Fig. 4). The 
granules are small and have a much diminished affinity for acid dyes, 


1 Kanthack and Hardy, loc. cit. p. 86. 
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in point of fact the granules agree in size and reaction to dyes much 
more with the finely granular oxyphile cell of the hemal system than 
with the coarsely granular oxyphile cell of the extra vascular fluids. 
_ On the other hand the cell has a rounded or curved nucleus and never 
shows the characteristic irregular nucleus of the hemal cell, The 
granules are smallest and the cell is most extreme in type in the dog 
and cat, while in the ferret the granules have a very appreciable size 
and lustre, so that the structural features more closely resemble those 
found in the splanchnic oxyphile cells of the rat and hedgehog. 
| It will be noticed that we have pointed to the arehed or horse-shoe 
nucleus of the splanchnic oxyphile cell as an important characteristic, 
and we have done this because we regard the rounded nucleus of the 
hyaline cell, the curved elongated nucleus of the coelomic oxyphile cell, 
and the irregularly branched nucleus of the hemal oxyphile cell as 
being true morphological features, and not as has been suggested, 
accidental appearances dependent upon the process of fixation. 

It has been supposed? that the shape of the nucleus in fixed cells is 
a measure of the activity of the cell. The statement which has been 
made is twofold, (1) that in the position of rest of these cells both cell 
body and nucleus are spherical, and (2) that the extent to which the 
nucleus departs from the spherical shape in preparations is a measure of 
the ante-mortem activity of movement of the cell. Thus in histological 
preparations we find the coarsely granular cell for the most part with a | 
more or less curved nucleus, and the finely granular oxyphile cell with 
a very irregular and lobed nucleus, and, according to the above hypo- 
thesis, both curved and lobed nuclei are departures from the shape of 
the nucleus in the living cell when at rest due to the fact that, in the 
process of fixation of a mobile cell, the cell substance contracts and is 
_ fixed so much more rapidly than the nuclear substance that the latter 
remains more or less extended in an irregular shape. 

This hypothesis appears to us to be opposed to the facts of the case, 
and to be based on evidence which, strictly speaking, does not touch 
the question at issue. 

In the first place so far as the histological facts are concerned it is 
inconceivable how, if the shape of the nucleus chiefly depended on such 
chance factors, it should be so remarkably constant a feature of the 
different kinds of cells, and so typical in certain animals that the coarsely 
granular oxyphile cell of the rat can be identified as —— to that 
animal eight times out of ten by its nucleus alone. 


1 Sherrington. Proc, Roy. Soc. Dec, 14, 1893. 
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In the second place the statement that the nucleus of the living cell 
when at rest is always spherical in shape is apparently based entirely 
on the observation that when any of these cells are allowed to die 
slowly the nucleus is found to be spherical’. 

If we assume that the morphological structure of a cell is the same 
when it naturally and slowly reaches the condition of non-living matter — 
by the gradual ebb of its store of energy, in other words, when it has 
reached what may be called the absolute zero of life, as when it is in 
the condition of rest of the living cell, or the conventional zero of life, 
then the truth of the hypothesis naturally follows. 

But this is a great assumption to make, for even in the condition of 
rest, that is when rate of change of energy is minimal, the living cell, in 
- virtue of the potentialities involved in the statement that it is “living,” 
constitutes a dynamical field marked by molecular stresses induced by 
balanced forces; and, until direct evidence to the contrary is forth- 
coming, we may well believe that those forces maintain the nucleus in 
a shape which it would not possess if it yielded to those external 
agencies such as surface tension which, as in the case of an oil globule 
suspended in water, would otherwise reduce it to the spherical shape. 

Further, though we cannot see the nucleus in the healthy living 
cell, and therefore are not able to appeal to direct observation to settle 
this question, yet in the case of those cells which bear refringent 
granules, the disposition of the latter in immobile individuals may help 
us to form a pretty shrewd guess as to its position and shape by noting 
the shape of the space unoccupied by granules. In most cases this 
space is clearly curved in the case of the coarsely granular oxyphile 
cells (see for instance the photograph reproduced in Fig. 1 of Prof. 
Sherrington’s paper), and equally clearly a flattened spheroid is out- 
lined in coarsely granular basuphile cells. 

Direct observation may be brought to bear by observing the 
staining of spherical cells in a hanging drop faintly tinged with some 
dye. If for instance a trace of methylene blue be used the cells die and 
stain so slowly as to afford ample time for observation and the making of 
sketches. A quiescent cell was brought into the field of the microscope 
before the addition of methylene blue. Figures 15 a, b and c represent 
stages in the slow appearance and staining of the nuclei. The drop 
was from “inflamed” lymph of a frog and the cell happened to be one 
of the apparently truly multinuclear oxyphile cells sometimes found in 
that condition. 


1 Sherrington, loc. cit. p. 187. 
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In discussing this question ‘it is important to bear in mind that the 
nucleus may play a part in,the movements of the cell purely as a 
mechanical factor. The junction of the nuclear substance and cell 
substance forms an interal surface which must have a certain directive 
effect on energy liberated: ‘within the cell. In this way the difference in 
the character of the movements shown by the various wandering cells 
may be in part referable to diffétences i in the form of the nuclei. 

Basophile cells form a very remarkable feature in the mucous coat 
of the gut. They are especially striking in Carnivora both as regards 
their number (as many as three to five hundred are present in a single 
villus of a dog) and the orderly arrangement they exhibit. In Her- 
bivora on the other hand these cells are both less numerous and less 
ordered. 

In all the animals examined the splanchnic basophile cells agree in 
one feature of peculiar interest, namely the exceeding instability of 
the granule substance in presence of even small quantities of water. 
After death water induces a complete disruption of the granules of so 
marked a nature that it involves the whole cell body, swelling it up to a 
bladder-like form or even destroying it so completely that no traces can 
be recognised by subsequent treatment. In the latter case, breaks in 
the continuity of the tissue appear where the basophile cells previously 
lay. 
It follows from this liability to change in the presence of water that 
these cells rapidly disintegrate after death. They can only be preserved 
intact by very rapidly dehydrating small pieces of the gut with absolute 
alcohol. Corrosive sublimate in aqueous solution fails to preserve 
them, though sometimes a few imperfect specimens persist. 

The instability of the granule substance of these cells is so great 
that even after being acted on by absolute alcohol for as long as eight 
and a half months, exposure to water for a few seconds? sufiices. to 
destroy or alter them in such a way that subsequent treatment with 
stains completely fails to show their presence. Alcohol, even as high as 
50°/,, only serves to slightly retard the destructive action of water’. 
Therefore staining must be carried on in solutions of dyes with not 
less than 70°/, of alcohol present. Owing probably to the instability of 
these cells they have, so far as we know, been overlooked by previous 
observers. 


' By immersing a section fixed on to a coverslip in distilled water. 
2 On damp, muggy days the moisture in the atmosphere or in the blotting-paper used 
to blot off excess stain sometimes suffices to destroy the granules. 
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Though nothing is known of the chemical nature of these granules 
yet there is reason for believing that they are not simply proteid in 
nature. Thus even after prolonged exposure to absolute alcohol they 
are unstable in presence of cold water, and of boiling water; and are 
even destroyed by a saturated aqueous solution of corrosive sublimate. 
The destructive action of the saturated solution of corrosive sublimate was 
determined as follows in the case of the splanchnic basophile cells of the 
dog, ox, and rat. Two successive sections from a ribbon were mounted on 
coverslips, freed from paraffin by xylol, and brought into absolute alcohol. 
One section was then plunged for a few seconds into a saturated solution 
of corrosive sublimate and, after blotting off excess, was then placed in 
absolute alcohol containing free iodine. The other section was placed 
directly into the iodine solution, and both were allowed to remain there 
for some hours. The iodine was then completely removed by prolonged 
washing with 95°/, spirit and the sections stained with methylene blue. 
The section which had been exposed to the corrosive sublimate solution 
showed no trace of basophile cells. Control experiments were made to 
determine whether, for instance, the abrupt transference from alcohol to 
a watery solution was responsible for the change by, among other 
methods, first drying the sections before immersion in the watery 
solution, but, so far as we could determine, the sole cause of me 
change was the presence of water. 

Slight differences in the degree of instability of the granules. of the 
splanchnic basophile cells were found in different animals; those of the 
rat for instance being a little more resistant than those of the rabbit. 
The difference is not great but, however slight, it is interesting when we 
remember the peculiarly great stability, in the face of reagents and 
treatment, of the granules of the coarsely granular (ccelomic) cell of 
the rat, and the equally marked instability of those of the rabbit’. 

The differences between the splanchnic and coelomic basophile cells 

of the rat are exceedingly striking both as regards the size and stability 
of the granules and the size of the cells*. 
_ It should be noted that the splanchnic basophile cells occur only in 
the mucous coat of the gut, aud a section treated with water will still 
show coarsely granular basophile cells of the ordinary type in the sub- 
mucous and muscular coats. 


* The splanchnic basophile cells themselves vary much in shape, and 


1 Kanthack and Hardy, loc. cit. 


* Compare fig. 5 a with fig. 5b reproduced from Kanthack and Hardy, loc. cit.—both 
drawings to the same scale. 
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in sections of the gut they may appear elongated and flattened or 
rounded and lobed. They are usually more or less flattened in a plane 
parallel to the internal surface of the gut cn Rol in shape 
(Fig. 10). The cell substance is commonly so ded with granules as 
to obscure the nucleus. When that structure can be seen it is ovoid or 
spherical. 

In Amphibia and Reptilia, these cells resemble those found else- 
where both in the size of the cells and of the granules. In Mammalia 
the splanchnic basophile cells always differ from the coarsely granular 
(coelomic) basophile cell in being smaller and possessing usually very 
much smaller granules. In the rat for instance the difference between 
the large basophile spherules of the coelomic basophile cells and the fine 
dust-like granules of the splanchnic basophile cells is especially striking 
(Figs. 5 and 6). | 

The arrangement of these cells in the villi of Carnivora is very 
remarkable. It can be most readily studied by mounting entire villi 
which have been fixed in absolute alcohol and stained with methylene 
blue in 80°/, alcohol, in Canada balsam. The whole villus then appears 
closely studded with basophile cells and, in optical sections, one sees 
that they form a defined layer lying immediately under the epithelium 
(Figs. 12 and 13). Each cell is flattened in the plane of the surface of 
the villus and is of an irregular shape. Allowing for contraction in 
preservation it is clear that during life they form a practically continuous 
layer. We thus find this feature, characteristic of the villi, and of the 
villi only, namely that a layer of flattened granular cells underlies the 
epithelium, and to this layer from its histological characters the name 
“basophile layer of the villi” might fitly be given. 

In addition to the basophile cells of this (basophile) layer, others, 
but only a few, lie scattered in the parenchyma of the villus, and as we 
proceed downwards into the crypt region, these scattered specimens 
become more and more numerous so that a considerable number 
lie between the crypts and in the basal region. In other words 
the basophile cells of the crypts and basal region do not show 
such regularity of arrangement, as marks their disposition in the 
villi. 

- The cells vary in shape. Those of the basophile layer may be 
rounded so that they fail to touch one another, or they may be so 
irregular in shape as to be almost branched and to overlap. The 
overlapping may be much more considerable than appears on first 
sight, since it is impossible to determine how far the unstaining cell 
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substance may extend beyond the granule-bearing region, and we are 
therefore unable to fix the extreme limit of the cells. | 

Judging from our entire experience of these cells we are inclined to 
believe that, though they usually have a fixed habit, they perform 
movements of extension and retraction which result in.large alterations 
of the shape of the cells. Thus the layer may be described as composed 
of mobile cells, which are laden with basophile granules, and which, in 
virtue of their mobility, form a fenestrated membrane immediately — 
underlying the epithelium which has the power of altering the size of 
its perforations. As we shall see later the splanchnic basophile cells 
under extreme conditions move from place to place. 

We have failed to demonstrate the existence of such a well-defined 
basophile layer in mammals other than Carnivora. In the ox however 
a similar but very much less perfect structure is seen in some of the 
villi, Basophile cells are abundant in the mucous coat of the intestine 
of this animal but they mainly lie dispersed irregularly throughout the 
parenchyma. The sheep agrees with the ox in possessing a large 
number of splanchnic basophile cells, but we did not succeed in demon- 
strating a definite and continuous basophile layer. 

In the hedgehog splanchnic basophile cells are numerous but, in the 
two examples examined by us, they appeared to be specially unstable. 
In these animals the bulk of the cells lie in the parenchyma, though 
many occur immediately beneath the epithelium. Those which occupy 
the latter position are too far removed from one another to allow us to _ 
speak of them as a definite basophile layer. The rat resembles the — 
hedgehog except that the cells are relatively less numerous. Lastly in 
the rabbit the cells are still less numerous in the small intestine, 
though they are relatively abundant in the cecum and vermiform 
appendix. 

In the frog, newt, and snake basophile cells, resembling in size and 
appearance those found elsewhere, are found in the gut in fair numbers; 
they are scattered, sometimes in groups. 

Putting these facts together we see that in the Carnivora, especially 
the dog and ferret, the basophile cells found in the villi are arranged 
beneath the epithelium in such a way as to form a definite basophile layer; 
whereas in the non-carnivorous forms they lie scattered throughout the 
parenchyma, When we compare these non-carnivorous animals one 
with another we find in some a greater, in others a less proportion of 
the scattered basophile cells lying immediately under the epithelium, 
and in this we probably have an expression of the manner in which the 
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arrangement in the Carnivora has been arrived at, namely by the 
segregation of the basophile cells into a particular region in immediate 
relation to the epithelium.. 

The H: yaline cells found in the mucous coat of the gut are rounded 
or angular in shape and possess a rounded nucleus. They vary con- 
siderably in size, being from 5 to 10m in diameter, and the nuclei show 
considerable differences in the amount of basophile matter present. 

As Heidenhain’ pointed out the nuclei sometimes stain a deep 
opaque colour with nuclear stains, or they may show an open network 
with or without nucleoli (Fig. 14). 

The dark staining nuclei lie in small cells with scanty cell proto- 
plasm, the open, lighter staining nuclei are larger and occur in larger 
cells, 

Two extreme conditions of the splanchnic hyaline cells may be 
recognised, in the first condition the cells present appear to be all of 
one order, resembling one another in size (about 7 ~) and in the fact 
that the nuclei all show the open network and do not stain intensely 
(Fig. 145). Here and there however are a very few of the smaller cells 
with deeply stained nuclei. In the second condition cells are present 
in all the varying stages from small young cells with darkly staining 
nuclei, so small and with such scanty cell substance as to deserve the 
term “lymphocyte,” to hyaline cells larger than common and reaching 
to a diameter of 10 w (Fig. 14). Under these conditions the percentage — 
of small cells with dark nuclei varies markedly in different regions of 
the gut and is maximal in the neighbourhood of solitary follicles or 
Peyer’s patches. To this point we shall return later. The larger 
cells in the second condition sometimes manifest phagocytosis and 
when swollen with ingesta they may be larger than 10 in diameter 
(Fig. 16). We believe that these hypertrophied hyaline cells are identical 
with the large phagocytes which Metchnikoff includes under the term 
“ macrophage.” 

In Mammals the hyaline cells enially form the larger proportion of 
the cells present in the mucous coat. Various countings give them ~ 
from 40 to 70°/,. In frogs they are sometimes less numerous than 
the oxyphile cells. 

Splanchnic wandering cells of the fetus. In the course of this work 
we were fortunate enough to secure two foetuses from slaughtered cows 
sufficiently fresh to enable us to examine the condition of the wandering 


1 Pfliiger’s Archiv 43, Suppl. 1888. 
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cells of the gut at this period. In both cases the organs were fully 
formed. Sections of small intestine showed that the villi though 
prominent structures were very imperfect. The adenoid tissue of the 
mucous coat was dense and very richly supplied with cells in the basal 
region. Here obviously rapid growth was taking place. Nearer to the 
lumen of the gut however, that is to say in the region of the crypts, it 
was looser and in the villi it was represented only by a network with 
such large interspaces, occupied by so few loose cells as to give one at 
first sight the impression that the villi were hollow structures consisting 
of a wall of epithelium on a basement membrane which enclosed a large 
central space. 

The wandering cells present comprised both oxyphile and basophile 
individuals, while non-granular free cells were abundant. The oxyphile 
cells were quite typical but very infrequent (an average of not more 
than one to an entire transverse section). On the other hand, and this 
was the remarkable feature of the intestine, basophile cells in all 
respects resembling the basophile cells of the adult were present in 
relatively considerable numbers, even in the villi, and were fully 
charged with granules. 

Thus in the foetal intestine basophile cells are already present and 
functional. | 

The cells of the parenchyma of the intestinal mucous coat have 
been described at some length by Heidenhain*’, He distinguishes 
“wandering” cells, “sessile” cells, and “phagocytes,” of which the 
sessile cells represent merely the resting condition of the wandering 
cells. Unfortunately neither the description in the text nor the figured 
representation (Taf. III. Fig. 17) have enabled us to identify these 
“sessile” cells. With regard to the phagocytes we are in agreement 
with Professor Heidenhain. He regards them as_ hypertrophied 
leucocytes, and the Fig. 22 in which he illustrates the stages in their 
development clearly shows that in his opinion they are derived from 
the non-granular or in other words the hyaline cell. 

By staining with Ehrlich-Biondi’s fluid Heidenhain distin- 
guished (1) a small cell with dark staining nucleus and scanty cell 
substance. This is the lymphocyte or young hyaline cell. (2) A 
larger cell with clear cell substance and round nucleus. This is the 
hyaline cell. (8) A cell with round or bent nucleus; the cell substance 
charged with granules staining purple. This clearly is the oxyphile 


1 Pfliiger’s Arch, 43, Suppl. 1888. 
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cell. Lastly Heidenhain distinguishes cells, not always present, with 
dark intensely staining nuclei and cell substance colouring intensely 
and evenly purple. These he regards as dying or dead cells—for cells 
which have been ingested by phagocytes show similar staining reactions. 
Hoyer’, a pupil of Heidenhain, verified this conclusion by showing 
that if pieces of lymphatic gland were kept at the temperature of the 
- body for some hours after removal from the animal they contained a | 
largely increased number of cells which stained in this way. _.. - 

Thus Heidenhain distinguished the hyaline and oxyphile cells but 
overlooked the basophile cells. | 


Part II. ACTIVITIES OF THE SPLANCHNIC WANDERING CELLS. 


When we turn from the relatively secure ground of the structural 
characters of the splanchnic wandering cells and attempt to trace out 
the nature of their activities we are met with a variety of phenomena 
which, though fairly simple in themselves, yield curiously contradictory 
results when an attempt is made to correlate them with obvious processes 
taking place in the alimentary canal. 

What we have to say on this point and the conclusions we offer we 
regard as being tentative. The reader will readily gather from what 
follows how contradictory the results may appear on the surface, and 
_ how large a series of experiments would have to be conducted to secure 
anything approaching a complete history of the relation of these 
splanchnic wandering cells to the processes going on in the alimentary 
canal, 

Broadly speaking the cells undergo changes (1) in total and relative 
number, (2) in the size and composition of their granules, and (3) in their 
distribution, as influenced by their own proper movements, in the 
mucous coat. | 

The imimediate stimulus which leads to these changes is of a 
chemical nature and consists of alterations in the chemical composition 
of the fluid, the lymph, that is to say, which occupies the interstices of 
the mucous coat. 

The chemical composition of this fluid is dependent (1) upon the 
blood stream in the capillaries of the mucous coat, and (2) upon the 
absorptive and secretory activity of the lining epithelium. 

The nature of the diet affects these factors in two ways. In the 


1 Arch. f. mikr. Anat. xxx1v, 208, 1889. 
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first place the chemical character of the substances absorbed from the 
gut will be modified by changes in the composition of the diet. But in 
addition to this obvious relation we must bear in mind the fact that the 
chemical nature of the end products of digestion—e.g. leucin, tyrosin, 
ptomaine—vary in accordance with alterations in the quantity of food 
given even though the quality of the food remain constant. _ 

Taking our experiences as a whole we find that the splanchnic 
wandering cells are affected by (1) the presence of food in the gut, (2) 
the absence of food from the gut, and (3) the extent to which the gut is 
invaded by micro-organisms. The most difficult case to deal with 
experimentally is the absence of food from the gut, for starvation so 
frequently leads, especially in herbivorous animals, to a striking increase 
in the number of micro-organisms present. 

A further consideration to be borne in mind is that starvation, when 
uncomplicated by secondary phenomena, has a twofold effect. Initially 
it leads to a hypertrophy of such structures as suffer loss of substance 
during digestion, ¢.g. the loading of the alveolar cells of the pancreas 
during starvation ; while secondly if pushed far enough it will cause a 
diminution of these same structures as well as of the other structures of 
the body. An instance of the first action is furnished by the splanchnic 
oxyphile cells, these in certain pure cases of starvation have been found 
to increase in numbers and in the loading of individual cells with 
granules (p. 517). 

We will as far as possible deal with the different cells in order in 
considering the changes which they show under various conditions. 

Oxyphile.cells. The splanchnic oxyphile cells may occur through- 
out the entire depth of the mucous coat of Mammals from the 
epithelium, where they lie imbedded between the cells, to the peculiar 

‘basal region’ which is placed between the bases of the crypts or glands 
and the muscularis mucose ; or they may be restricted entirely to this 
basal region. 

So far as these cells are concerned we agree with Heidenhain in 
regarding the basal region as their place of origin and from this level, in 
response to certain changes in the constitution of the contents of the 
lumen of the gut, they move up toward the inner surface. 

It is impossible to make a similar statement with regard to either 
the hyaline or the basophile cells, for these latter never lie wholly in, 
nor can they be said to have any special relation to, the basal layer of 
the mucous coat, though both forms occur there together with the 
splanchnic oxyphile cells. | 


+3 
q 
i 
ay 
a 
at 
“4 
og 
= 


WANDERING CELLS. 505 


A comparison of all the mammals examined by us leads us to the 
conclusion that the moving upwards of the oxyphile cells from the basal 
layer towards the free surface of the gut is at first associated with an 
increase in their numbers. If therefore we are right in regarding the 
basal layer as the place of origin of the oxyphile cells, and in viewing 
the movement thence towards the lumen as an indication of activity on 
their part, we may say that, at the onset of a period of activity, the 
cells migrate towards the lumen of the gut and increase in numbers, 
and some of them pass into the epithelium and through it into the 
lumen of the gut (Fig. 18). 

The appearances seen towards the close of a period of activity would 
naturally vary according to whether the rate of production of these cells, 
_ whatever the machinery for that might be; was or was not maintained, 
and whether it was less, equal to, or in excess of the rate of destruction of 
the cells in the epithelium and in the lumen. 

If we trace the oxyphile cells into the epithelium we find that they 
thrust themselves between the bases of the cells and move between the 
cells towards the lumen. Some of the cells suffer degenerative changes 
while still within the epithelium (Fig. 19). The granules disappear and 
the nucleus alters, The latter loses all trace of a network and passes into 
a condition in which it stains evenly. It may also break up into two or 
three masses. These degenerated nuclei frequently stain a remarkably 
intense and brilliant green with Ehrlich-Biondi’s fluid. Sometimes 
the nucleus suffers these extreme changes long before the granules 
have completely disappeared. ‘The appearances presented force one to 
the conclusion that the oxyphile cells perish in the epithelium and 
indeed they may shrink there, as though dissolved, and leave cyst-like 
spaces. | 

However all the oxyphile cells which enter the epithelium do not 
perish there, some, an unknown but possibly at times a very large per- 
centage, traverse the epithelium and gain the lumen ; others again may 
re-enter the parenchyma. Degeneration of the cells may occur at any 
level and in the same section one may find more or less degenerated 
cells together with individuals which so far as one can see are absolutely 
intact, in situations ranging from the base to the inner, free surface af 

the epithelium. 
As might be expected free cells in the lumen of the gut are only 
found in cases of starvation, the presence of digestive juices would no 
doubt almost instantly destroy them. On the other hand the oxyphile 
cells are found in the epithelium of animals in full digestion and, in the 
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case of mammals, intact cells have been seen in lowest portions of the 
lumen of the crypts of Lieberkiihn. It appears to us to be clear that 
immigration of the oxyphile cells into the epithelium and thence into 
the lumen is a process of constant occurrence, at times so slight as to 
be barely detectable, at other times so excessive that the epithelium 
appears to be riddled with these bodies. 

The most obvious structural change which the oxyphile cells 
manifest within the epithelium or in the lumen of the gut is a dimi- 
nution in the number of the oxyphile granules even to the total dis- 
appearance of these structures. This appears in figure 18, where a small 
portion of a crypt of Lieberkiihn is shown containing oxyphile cells 
some of which are completely charged with granules, others have only a 
few, while one has lost its granules. If we limit ourselves strictly to the 
evidence furnished by stained sections it is impossible to decide whether 
this change in the oxyphile cells is or is not necessarily followed by death 
and complete disintegration. _ 

_ We have never witnessed any signs of the possession of phagocytic 
powers by the splanchnic oxyphile cells—in this negative feature they 
agree with the coarsely granular oxyphile cells. 

The oxyphile cells may lie evenly dispersed in the mucous coat, 
or they may be collected into foci. In the frog the cells very — 
commonly lie in groups, and over each group the epithelium is some- 
times astonishingly crowded with immigrating cells, If we ask why 
immigration should be so marked over certain areas of the epithelium 
and practically wanting in intermediate regions, absolutely no answer is 
forthcoming. The cells of the epithelium in a region of migration are 
naturally displaced to a certain extent by intrusive cells, but the hyaline 
_ border may be normal and shows no signs of rupture other than the 
scanty presence of rounded perforations leading into cyst-like spaces 
immediately below it from which the oxyphile cells have crept. The 
epithelium cells themselves, so far as appearances go, exactly resemble 
those found in regions not infiltrated with intrusive cells, 

Parasites in the epithelium appear to have little effect on the oxy- 
phile cells; thus in one frog, and the case is interesting as showing the 
different behaviour of the hyaline and oxyphile cells, the epithelium of 
the small intestine was largely occupied by a parasite which occurred 
with a single nucleus, a fragmented nucleus, or as a heap of spores. 
Oxyphile cells were practically absent from the gut, but hyaline cells 
were present in number in the epithelium where they ingested the 
parasites and, in some cases, obviously digested them. 
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Mammals resemble the lower forms in the fact that the oxyphile 
cells do not enter the epithelium indifferently at any point, but a curious 
‘and apparently permanent specialisation has taken place, namely that 
the oxyphile cells migrate especially by way of the crypt epithelium : 
and further when migration of the oxyphile cells is not very marked, 
the lower one goes down the crypts the more marked is it until a 
maximum is reached absolutely at the extreme lowest point of the 
gland. On the other hand when migration of the oxyphile cells is 
marked they may be found in the epithelium quite at the apices of the 
villi. In point of fact the apparent preference of the cells for the crypt 
epithelium may be very largely due to the fact that it is so much 
nearer than the epithelium of the villi to the basal layer from which, as 
we have already stated, the oxyphile cells appear to start, but we do 
not regard this as the sole cause since oxyphile cells may be present in 
the villi though absent from the villous epithelium, while at the same 
time they are present in the epithelium of the crypts. Further, as we 
have already pointed out, the rare migration of basophile cells follows 
precisely similar lines, We have never yet seen a basophile cell in the 
epithelium of a villus. 

This limitation of immigrated oxyphile oaile to the crypt epithelium 
is, so far as our experience goes, much more marked in the case of the 
dog, cat, and ferret than in other mammals. It is doubtful whether 
oxyphile cells find their way into the epithelium of the villi of dogs 
except under very extreme conditions. Paneth has described the exist- 
ence of granule-bearing cells at the base of the crypts of Lieberkuhn, 
and we were careful to convince ourselves that these had not been 
mistaken for intrusive oxyphile cells. = 
It will be wise here to attempt to give some idea of the number, 
- both absolute and relative, of the oxyphile cells. Comparison is made 
between sections of similar thickness about 8, thick. 

In frogs apparently normal and taken at random from the tank 
oxyphile cells may be present to the number of three to four hundred 
in the mucous coat of a transverse section of the small intestine; or 
only 50 to 60 in an entire transverse section. When abundant the 
cells lie in groups and at each focus from 35 to 64 can be counted in a 
single field of a 7,th. 

From 20 to 60 or an even higher percentage of the oxyphile cells 
may lie either in the epithelium or so closely attached to the base of 


1 See note at the end of this paper. Also Figs. 21 and 22. 
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the cells that they remain adherent to the epithelium when that 
structure is torn away from the subjacent connective tissue. 

The above figures are from sections through the upper portion of 
the small intestine. It is not the purpose of this paper to consider 
accurately the distribution of the cells throughout the length of the gut, 
but we may note that this was determined in the case of four frogs, and 
they agreed in showing a continuous and very marked decrease in the 
number of oxyphile cells as one passed from the duodenum either 
towards the rectum or towards the lower end of the oesophagus. 

It is difficult to compare the relative number of the three kinds of 
cells in the frog’s intestine. The oxyphile cells are readily seen, the 
hyaline cells are even more readily overlooked, while the basophile cells 
are only preserved with difficulty. Careful countings seem to show that 
the oxyphile cells frequently may form as much as 50°/, of the total 
number of wandering cells present. In the mammals examined the 
oxyphile cells were found to form from 10 to 50 per cent. of the total 
number of wandering cells present in the mucous coat. 

We will now proceed to the connection of the movements and 
number of the oxyphile cells with processes taking place in the gut. 

The most striking fact we have met so far is that these cells are, if 
one may use the expression, finally used up either within the limits of 
the endodermic epithelium or even in the lumen of the gut itself. The 
movement of the cells from the basal layer, through the parenchyma to 
the epithelium, we rank as a phenomenon falling under the heading of 
chemiotaxis. 

It is certain that the oxyphile cells perform some work either as 
such, or in virtue of the products of their disintegration, when in the 
epithelium and also when in the lumen of the gut, but we have no 
evidence to offer as to the nature of this work. It is also equally 
certain that they are ‘used up’ in the performance of certain functions 
while still within the parenchyma—if proof be needed of this it is found 
in the fact that ingestion of effete oxyphile cells on the part of the 
larger hyaline cells occurs within the limits of the parenchyma. Here 
again evidence sufficient to determine the part the oxyphile cells play — 
is at present lacking. 

What our experience seems to show is that the movement of the 
oxyphile cells into the epithelium is increased (1) by the presence of an 
unwonted number of micro-organisms in the gut, (2) by the onset of 
starvation, (3) by the onset of a period of digestion when it follows a 

short period of starvation. The difficulty in arriving at certain con- 
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clusions has already been dealt with. As we have pointed out during 
a period of starvation micro-organisms usually increase in the gut and 
one cannot then determine how far the changes observed are duc to the 
absence of food and how far to the micro-organisms. But this is only 
an example of one side of the difficulty for it is equally difficult to 
obtain a measure of the activity of the cells. It is obvious that when 
the activity of the cells results in migration and destruction the 
total number present is of no use to us. It merely represents the 
balance for the time being between the rate of production and the rate 
of destruction. : 

This may be illustrated by reference to the hyaline cells. In 
starving rabbits these cells were found in excessive numbers in the 
epithelium of the small intestine, but the total number present in the 
parenchyma was very obviously below the normal. In other words 
here for the time being expenditure was far in excess of income. 

An estimate of the number of the cells in the epithelium might be 
regarded as an accurate criterion but this again is useless unless we 
assume that the rate of progress through or from, and the rate of 
destruction in, the epithelium do not vary. To take an instance. In 
rabbits and rats deprived of food and prevented from consuming their. 
own faces, in two days the stomach was occupied by incredible masses 
of inwandered cells, yet on examination the living epithelium was found © 
to contain a ridiculously inadequate number of intrusive cells. In point 
of fact it was difficult to be certain that they were more numerous than 
in the normal animal, although there is always.a pancity of intrusive 
cells in the lining epithelium of the stomach. In view of these 
difficulties we have taken the percentage of the total number of cells 
present in the entire mucous coat which is formed by those lying within 
the epithelium as the best guide to the migratory activity, and, in 
the case of the oxyphile cells of mammals, we have been guided 
in our estimate also by the position of the cells in the mucous coat, 
and by the extent to which they are or are not limited to the basal 
layer. 

The action of micro-organisms when present in the gut on the 
oxyphile cells was, it seemed to us, prettily illustrated by experiments 
on frogs. Diluted cultures (broth) of anthrax bacilli and cholera 
vibrios were injected into the intestines of six pithed frogs. The in- 
testines of three of the animals were removed and fixed after 54 hours, 
and from the remaining three, 19 hours after the operation. In one case 
a length of intestine was.removed from a recently killed frog, and after. 

PH. XVIII. 
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having some choler culture injected into its lumen, it was hung up in 
a moist chamber. In this and in all the experiments the result was the 
same, namely'a gradual diminution of the oxyphile cells present, with 
at the same‘time a continued increase of the proportion of the total 
number sof thege cells present in the epithelium, until the number there 
_ formed 100 “ of ‘the whole; and finally, a total disappearance of 
oxyphile gells from the gut. 

In attempting to determine the relent: of the oxyphile cells to 
periods of feeding and of hunger we were met with the difficulty that, 
in spite of the utmost care directed to keeping the animals clean and to 
prevent them eating their own feces, the micro-organisms increased 
in the small intestine and penetrated even as high as the duodenum. 
We believe that our failures in this respect were largely due to the fact 
that we used the rabbit and the rat for the purpose, our experience 
going to show that in animals of purely carnivorous habit the small 
intestine remains free from any obvious number of micro-organisms 
during at any rate short periods of starvation. 

Whatever may be the true effect of starvation on the oxyphile cells 
there can be no question but that when it is complicated by the 
presence of micro-organisms in the gut, a large percentage are found in 
the epithelium. In digesting mammals and frogs the oxyphile cells 
are more numerous in the duodenum and decrease in number as we 
proceed down the small intestine. In | starving animals whose intestines 
have become invaded by micro-organisms, this condition is usually 
altered, the oxyphile cells are more numerous at the lower end of the 
small intestine or in the large intestine, than in the duodenum, and 
this is in keeping with the fact that the invasion by micro-organisms 
takes place from below upwards. 2 

Those cases of starvation in which the gut remained free from 
detritus agreed in the fact that the oxyphile cells increased in numbers 
to a great extent. They were abundant in the basal layer and extended 
thence right to the tips of the villii On the other hand a comparison 
with the condition of the cells in other animals fed on the same diet, 
and under the same conditions, but killed when in full digestion, 
revealed the fact that the migration of the oxyphile cells was very 
much less in the starving than in the fed animals. In other words the 
accumulation of oxyphile cells in the case of starving animals appears 
to be due to a diminution of the drain on the cells which occurs in 
feeding animals, especially on a flesh diet, and in starving animals when 
increase occurs in the micro-organisms present. 
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The conditions which we have met with often seem curiously contra- 
dictory, but taking them together this seems to be the most satisfactory 
interpretation, and it is further borne out by the fact that when 
accumulations of wandering cells appear in the gut as a result of 
starvation they are exclusively of the hyaline type. 

In his experiments on feeding and starving animals Heidenhain’ 
found that the oxyphile granules were larger in the former; and he 
illustrates the two conditions of the cells in a starving and a full-fed 
dog on Plate IV., Figs. 27 and 28. Our experience goes to show that 
these relations do not always hold and indeed in very clear and pure 
cases of starvation, that is free from any excess of micro-organisms in 
the gut, the reverse condition may occur, the granules being larger in 
the starving animal. This was noticed for instance in the experiment 
further detailed on page 517; and in convection with this and like 
experiments we have been led to think that the partial hypertrophy of — 
the oxyphile cells and granules was due to a diminished drain. It is a 
phenomenon of hunger, as it modifies this tissue in a thoroughly well- 
‘nourished animal. 

The results of an attempt to determine experimentally the effects of 
a flesh diet are given on page 516. The most marked oxyphile granu- 
lation met with by us among dogs, when the granules were large and 
the cells very numerous, occurred in a portion of small intestine from a 
fat bitch. The mucous coat however was injured by the presence of 
worms, and migration was particularly marked, the number of oxyphile 
cells in the crypts of Lieberkiihn being very striking. Fig. 18 is 
drawn from this animal. ; 

Hyaline cells. The hyaline cells, unlike the oxyphile cells, are 
distributed evenly throughout the parenchyma, and are always present, 
though in variable numbers, in the epithelium. We have already pointed 
out that the hyaline cells vary largely in character. The cells differ 
in size, and the nucleus may be either very full of basophile material so 
that they stain as dark bodies, or they may be relatively free from 
basophile matter showing only the open nuclear network. _ 

The most obvious phenomena displayed by the splanchnic hyaline 
cells are migration into and through the epithelium and phagocytosis. 
The latter may be manifested both in the parenchyma, in the epi- 
thelium, and, under favourable conditions, in the lumen of the gut. 
They also display changes, too obscure to be dealt with at present, in 


1 loc, cit. 
34—2 
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the staining reaction of their nuclei and cell substance. Practically the 
discoverable activities of the hyaline cells are limited to migration and 
phagocytosis, and the variations in the nuclei (‘ dark’ or ‘ open’) and in 
the size of the cells are as Heidenhain pointed out correlated with the 
general activity of the cells as displayed in these two ways. 

Heidenhain notices that when migration is unusually marked 
(that is as determined by the number of cells present in the epithe- 
lium), a large proportion of hyaline cells with small dark nuclei are 
found. As a matter of fact this is only a part of the change, for 
whereas when migration is slight the cells are all of about the same 
size and all have open nuclei, when migration is marked variations on 
both sides of this mean position occur, small cells with ‘dark’ nuclei 
being present and so with all intermediate conditions to cells con- 
siderably larger than common with nuclei containing only a very loose 
network. In other words, not only is the tissue occupied by numbers of 
the youngest cells but growth of individual cells progresses under the 
particular stimulus, whatever it may be, which gives rise to the condition 
of greater activity, to a point beyond that reached in the relatively in- 
active state. 

From Heidenhain’s description and figures one gathers that only 
the smaller hyaline cells were found in the epithelium. As a matter of 
fact this is not so, the cells in the epithelium, probably as a result of 
the staining of the tissue about them, appear much smaller than they 
really are—actual measurement shows that the smallest cell does not 
occur in the epithelium but that both intermediate and larger ones 
migrate, the intermediate ones being apparently more active in this 
respect than the larger ones. 

Hyaline cells migrate chiefly into the online of the villi, In 
carnivora the distinction between hyaline and oxyphile cells in respect 
to their place of migration is sometimes exceedingly sharp, the former 
being confined to the villous, the latter to the crypt epithelium. 
Hyaline cells, as a result of their ingestive activity, may contain 
intrusive bodies (parasites), micro-organisms, other wandering cells, 
e.g. oxyphile cells’, and amorphous débris probably derived from one 
or other of the above. 

So far as can be seen there is no necessary connection between the 
migratory and phagocytic activities of the hyaline cells. Thus migration 
may be excessive and yet one may be unable to detect any trace of 


1 Figure 9, compare also Hardy and Lim Boon Keng, This Journal, xv. 361. 1894, 
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phagocytosis, and, on the other hand, the number of cells within the 
epithelium may be by no means excessive when instances of ingestive 
activity occur both within the epithelium and in the parenchyma. 

In point of fact the ingestion of solid particles is an act infrequent 
in its occurrence and of minor importance among the processes carried 
out by these cells. It has been shown! that the hyaline cells of the 
lymph of the frog will remove from the lymph plasma foreign substance 
dissolved there. The particular substance employed in the experiment 
was methylene blue and it was found precipitated as solid masses within 
vacuoles in the cell substance. Tada 

Similarly, by feeding with peptonate of iron, we have been able to 
show that the splanchnic hyaline cells remove from the interstitial 
lymph of the villi substances which are in solution there. 
| Absorption of iron by splanchnic wandering cells. Macallum’ 

found that when the “ peptonate” of iron is given to animals (guinea- 
pigs) the metal may be detected not only in the epithelium of the villi 
but also in wandering cells which crowd to the tips of the villi and 
there load themselves. It seemed to be probable that the hyaline cells 
and these only were the iron carriers. We accordingly repeated the 
experiments, using Denayer’s peptonate of iron. Guinea-pigs and rats 
were fed with this for one to four days, and then killed. ‘The intestines 
were preserved in absolute alcohol and sections were tested for iron 
both with ammonium sulphide and with hydrochloric acid and potas- 
sium ferrocyanide, while other sections were stained according to the 
methods already described. It was found that clean staining of the 
oxyphile granules was possible after the application of the ferro- 
cyanide test to sections. Very beautiful preparations can be made in 
this way. After the application of the iron test, the section should be 
washed fairly quickly in distilled water and then very thoroughly 
in several changes of re-distilled spirit (95°/,). They are then lightly 
stained with hematoxylin, washed in tap water, stained with very 
dilute aqueous eosine, dehydrated, cleared in cedar wood oil, and 
mounted in balsam. Bismark brown is perhaps a more effective 
nuclear stain than hematoxylin. In these various ways we demon- 
strated the presence of iron in large numbers of wandering cells in 
the villi and in the spleen. These iron-holding cells were in 
all cases hyaline cells (Figs. 16 and 17). 


1 Hardy and Lim Boon Keng, loc. cit. 
2 This Journal, xv1. 268, 1894. 
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It seems to us that in this we have a clear case in which the 
hyaline cells perform important work directed to the removal of Uis- 
solved substances from the fluid in which they are bathed. This result 
is important since it at once widens our conception of the activities 
which may be ascribed to these structures—they are not only as 
phagocytes concerned in the removal of solid particles from the fluids 
of the body, but we may also conceive them as actively and directly 
controlling the chemical constitution of those fluids by removing 
dissolved constituents. 

The presence of iron in quantities shove the normal sometimes 
induces a marked immigration of oxyphile cells into the epithelium 
of the deeper portion of the crypts. The oxyphile cells not only 
pass into the epithelium but continue through and are found in the 
lumen. This fact is the more remarkable and inexplicable when we 
remember that there is no evidence that the iron salt is absorbed by 
the lining epithelium of the crypts. : 

Basophile cell. In many respects this is the most interesting 
cell in the splanchnic series. Unlike the other forms the basophile 
cell does not lie free in the interspaces of the mucous coat but is 
attached to the supporting framework of the adenoid tissue, We 
were for a long time under the impression that these splanchnic 
basophile cells were not in the strictest sense wandering cells, we 
supposed that their movements were limited to changes of shape of the 
cell body and did not carry the cell from place to place. This idea 
however must be given up since, in two cases—the first of a starving 
rat in which the lower part of the small intestine contained very large 
numbers of bacilli, the second of rats fed for 24 months on fresh flesh 
from the butcher,—undoubted basophile cells were found thrust 
between the cells of the endodermic epithelium. 

These two cases stand alone and we must regard the migration of 
the basophile cells as being an event of very rare occurrence. The 
fixed nature of these cells is shown by the fact that, though the 
numbers present do vary in different animals, even in different in- 
dividuals of the same species, yet we have never met with any increase 
or decrease in number sufficient to warrant us in thinking that they 
commonly vary very greatly. 

The striking changes which the basciihiite cells exhibit are limited 
to changes in their granules. The cells are markedly granular in well- 
nourished animals and become less granular during starvation though 
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the latter change is not readily brought about and it is difficult to 
produce extreme exhaustion of the granules (Fig. 8)’. 

If however the condition of starvation be complicated with increase 
in the micro-organisms of the gut, or in any case where micro-organisms 
are abundant, the basophile cells are much distended with granules 
which are often much more stable than those found normally (com- 
pare Fig. 7 with Fig. 5). 

The hypertrophy of basophile cells which naanienbe occurs when 
abnormal chemical substances are present, e.g. during inflammation, is 
an old observation of Korybutt-Daskiewicz and Ebrlich, and in a 
paper dealing with the wandering cells of the frog, Kanthack and 
Hardy suggest that the basophile cells remove certain substances, 
probably either of the nature of foreign substances, or the more extreme 
products of the general metabolism, which may be present in solution 
in the lymph or blood plasma. The facts which we have stated con- 
cerning the splanchnic basophile cells lend support to this view, 
that is so far as it confers on the basophile cells important chemical 
activities. The position of the remarkable basophile layer of carnivora 
is such that the fluid elaborated by the activity of the endodermic 
epithelium from the contents of the gut must flow past it and 
be exposed to the action of the basophile cells before it reaches the 
blood vessels and lymphatics. Similarly the hypertrophy of the granu- 
lation when micro-organisms are very abundant in the gut points in 
the same direction. | 

As we have said we have never met with any very striking hyper- 
trophy of the splanchnic basophile tissue as a whole but Dr Sher- 
rington has described cells, apparently basophile in nature, in the 
intestines of cholera patients as being present in numbers apparently 
far above any observed by us, and Mr Hankin writes to one of us that 
at the time Dr Sherrington demonstrated his preparations the 
disposition and appearance of the cells strongly impressed him with the 
fact that they were present in order to absorb the microbic poison 
streaming in from the lumen of the gut. 

The further question of the exact nature of the action of these 
cells on the chemical substances brought to them by the cells of the 
epithelium is one we do not propose to discuss at any length here. 
The knowledge we possess of the chemical processes taking place in the 


1 §mall though they sometimes are these granules show signs of being complex in 
substance. Strictly speaking the change above mentioned is mane | to that —— of the 
granule which fixes the basic dye. 
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walls of the gut points to their being mainly synthetic in character, 
as an instance we have the condensation of peptone to the level of 
more complex proteids; and we will leave the question of the part 
played by the basophile cells with the statement that evidence has 
been accumulating for some time past showing that the basophile 
granule is a centre of synthetic activity. 

The presence of basophile cells in a foetus at a period of life when 
the gut is not occupied in the digestion of food, does not necessarily 
conflict’ with the view that, at a later time, they take part in the 
‘ manipulation of the absorbed products of digestion. In the broadening 
of our physiological ideas we have been led of late to a much less 
narrow view of function and to a clearer recognition of the inter- 
dependence of the chemical processes which are. carried out in the 
various organs. Each part of the body as we now know is a blood 
gland and in the gut for instance the blood and lymph is exposed 
to chemical action probably chiefly synthetic in character, by which 
products of metabolism in other tissues suffer change. Such processes 
will go on even before digestive activity is manifested and in the 
splanchnic basophile cells of the foetus we may see a part of the 
mechanism involved. 

The differences between carnivorous and other forms in respect to 
the arrangement and number of the basophile cells and in the character 
of the oxyphile granulation led us to attempt to determine whether 
these differences had any special relation to a flesh diet. Rats were 
chosen for the experiment mainly because we had examined a greater 
number of these animals than of any other species and could therefore 
better judge what might be called the normal condition. Four tame 
rats were isvlated, in a large wire cage kept scrupulously clean, and fed 
for 24 months on fresh butcher’s meat freed from fat and obvious 
masses of connective tissue. One rat died after about a fortnight, the 
others remained very healthy and active to the end of the experiment. 
After 2} months one rat was starved for 34 days and then the three were 
killed by beheading, and portions of intestine were fixed in absolute 
alcohol cold and boiling, and corrosive sublimate both cold and boiling. 
Apart from the special differences between the starving and fed 
examples which will be dealt with later there were obvious changes in 
the condition of the splanchnic wandering cells, all in the direction of 
an approximation to the carnivorous type. The oxyphile cells did not 
depart from those found in rats generally either in size, or numbers, or 
in the size of the granules. On the other hand they differed widely 
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from normal rats and approached the carnivorous type in two respects, 
(1) the granules were scarcely preserved by absolute alcohol, and (2) 
they did not stain very readily. The basophile cells were present in 
more than normal numbers especially in the mucous coat of the stomach, 
they were however scattered in the parenchyma and there was abso- 
lutely no formation of a definite basopbile layer. But though there 
was no formation of a basophile layer an unparalleled state of affairs — 
was found, for busophile cells in considerable numbers were in the 
epithelium, thrust between the cells and either spherical, irregular, 
or elongated in shape. These intrusive basophile cells were remark- 
ably abundant in the walls of the upper portion of the pyloric glands, 
in the small intestine they occurred in the walls of the crypts. 

It was very clear that the basophile granule had altered con- 
siderably, especially in its chemical composition. The granules were 
smaller than in the splanchnic basophile cells of normal rats, indeed 
one might describe them as being powdery. The change in the 
composition of the granule was striking. The most satisfactory preser- 
vative of splanchnic basophile granules is boiling absolute alcohol, but 
these rats were quite unique in our experience since boiling absolute, 
completely destroyed all trace of the basophile granules though they 
were preserved by absolute alcohol at 19°C. The difference in chemical 
composition was further shown by the fact that union between the 
granule substance and methylene blue could only be brought about 
by high temperature, and in a solution saturated with the dye at the 
boiling point. On the other hand once the combination was effected 
the stain was intense and very characteristic, the granules showing a 
bright rose colour. 3 

So far as this initial experiment goes, it points to the conclusion 
that the peculiar condition of the oxyphile and especially of the 
basophile cells in the gut of carnivora is a direct result, an acquired 
feature, impressed on them by the nature of their diet. This is 
rendered almost certain so far as the basophile cells are concerned by 
the fact that in three-days-old puppies, though basophile cells were 
present in considerable numbers, we were unable to demonstrate the 
presence of a coniplete basophile layer. 

The differences in this experiment between the starving and full- © 
fed digesting rats were that the oxyphile cells were more numerous and 
particularly full of granules, while the basophile cells possessed an 
exceedingly scanty granulation in the starving animal. On the other 
hand there was little or no migration of the oxyphile cells in the — 
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starving animal, the increased number of the cells therefore appeared 
to be due to a diminished drain on this tissue. It should be remem- 
-bered in this connection that the animal was exceedingly well nourished 
up to the onset of the short period of starvation. 


¢ 
Part III. ORIGIN OF THE SPLANCHNIC WANDERING CELLS. 


Oxyphile cells, It is clear from what we have already said that 
the splanchnic oxyphile cells of mammalia betray in their structural 
features a close affinity to the coelomic oxyphile cells. In Herbivora, 
Rodents and Ivsectivora the differences between the two are very — 
smal] and it is not until we come to the Carnivora that any marked 
divergence appears. This suggests that the splanchnic oxypbile cells 
are closely connected with, or are a specialised portion of, the coelomic 
cells, and we accordingly find in the frog that a focus of proliferation 
of oxyphile cells may supply both the small intestine and the peri- 
toneal cavity (Fig. 20). 

The walls of the body spaces—pleural, pericardial and peritoneal— 
of all animals contain areas, usually related to lymphatic capillaries 
and to blood vessels, which are crowded with wandering cells. In some 
areas the wandering cells are oxyphile, other areas again, notably about 
the diaphragm, contain only vast numbers of basophile cells. These 
areas are probably foci for the proliferation of particular kinds of wan- 
dering cells, and if this be the case they are comparable in this respect 
to the nodules of lymphoid tissue in spleen, or lymphatic gland. We 
have met with such foci in rabbits, guinea-pigs, rats, and frogs—in 
all animals in short in which they have been looked for—and Klein 
noticed proliferating areas in his study of the coelomic spaces as portions 
of the lymphatic system’. In the frog a focus of oxyphile cells exists 
in the connective tissue which accompanies the hepato-pancreatic duct, 
and in sections taken through the small intestine at the point where 
the hepatic duct opens into it one sees that this focus of oxyphile cells 
extends into the walls of the gut, and continues a short distance 
upwards and downwards, gradually thinning out until it merges into 
the scattered oxyphile cells of the gut walls (Fig. 20). In other words 
the splanchnic and coelomic oxyphile cells in this region clearly have 
common origin. 

Hyaline cells. There is no special level in the mucous coat from 
which the hyaline cells may be said to originate. 


1 Klein, Anatomy of the Lymphatic System, 1. 1873. 
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In the solitary follicles and Peyer's patches however we find within 
the reticulum hyaline cells of various sizes, the larger number being 
of the smallest kind, and in cases of inflammation of the gut (enteritis) 
we have found the mucous coat near these structures flooded with an — 
amazing number of hyaline cells. The lymphatic glands of the small 
intestine thus form an obvious source of hyaline cells. On the other 
hand the distribution of these structures is very irregular and large 
tracts of the intestine are free from them. Further, when, in the 
condition mentioned above, the lymph glands are flooding the mucous 
coat with hyaline cells only a part, and that possibly a small part, 
remain there, the rest passing into the lacteal vessels in such numbers 
that they appear in sections distended with packed masses of hyaline 
cells. 

These cells which are so drained off are mainly small cells with 


dark nuclei—in other words what we recognise as the young form of 
the cell. 


GENERAL CONCLUSIONS. 


Although this enquiry has led to only very partial and tentative 
results so far as the elucidation of the function of the three forms of 
wandering cells present in the gut is concerned, yet it has established 
certain solid facts of structure, notably in determining the presence 
and peculiar arrangement of the splanchnic basophile cells, and in 
establishing the solidarity which exists between the characters of the 
wandering cells of the gut and those found in the ccelomic spaces, 
the peripheral lymph system, and the blood system, in respect to the 
_ presence there of the three great types, oxyphile, basophile, and hyaline 
cells. | 

It has been claimed for the wandering cells that they form a distinct 
tissue in the body which has undergone a peculiar development con- 
verting it from a system of free cells all possessed of similar characters 
to one characterised at first by being composed of three kinds of cells’, 
while later in its history it becomes specialised in different portions 
of the body, in the blood, the great extravascular spaces, and, as we 
now see, in the walls of gut. In each of these places the three kinds 
of cells are present, though the cells of any one place differ from those 
found elsewhere sufficiently to enable us to recognise them as being 
distinct. The magnitude of these structural differences in the case of 
the gut of carnivora is brought home to us by the fact that when 


1 Hardy, This Journal, Vol. xu1. Kanthack and Hardy, Trans. Roy. Society, 1893, 
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Heidenhain submitted his preparations of the intestine to Ehrlich 
the latter was unable to rank the cells there present (those which 
contained granules staining with acid dyes, 7.e. the oxyphile cells) with 
those which he had classified from other parts of the body. 

These views receive fresh support from this work not only from the 
facts of structure set forth in the preceding pages but also from such 
scanty light as has been thrown on the activity of the splanchnic cells, 
for we have seen throughout how distinct are the activities displayed 
by the oxyphile, the hyaline and the basophile cell. The oxyphile 
cells for instance may be very numerous without, so far as one can 
see, any immediate reference to the number of hyaline cells; the 
oxyphile cells too chiefly wander into the crypt epithelium, while the 
hyaline cells chiefly wander into that of the villi. Again in the case 
of the absorption of iron we saw that the hyaline cells alone charged 
themselves with the iron compounds. 

The absorption of iron by the hyaline cells to which reference is 
made has, as has been pointed out,.an interesting significance, since it 
widens our conceptions of the activities of these structures. We now 
know them to ingest solid particles and also to absorb into vacuoles in 
their cell substance and precipitate there matters previously in solution 
in the fluids which bathe them. | 

Finally, if we turn to the specialisation of the sporadic mesoblast 
in different parts of the body the structures found in the gut suggest 
certain pregnant reflections. 

The gut of the mammalia with the exception of the esophagus and 
extreme portion of the rectum contains, in its mucous coat, a sheath 
of lymphoid tissue crowded with wandering cells, Placed here and there 
in this sheath are foci of proliferation specially related to the lymph 
stream and apparently peculiarly the seat of origin of hyaline cells. 
These are the solitary follicles and Peyer’s patches. No such develop- 
ment of lymphoid tissue is found in the gut either of amphibia or of 
reptilia, nor are wandering cells so constantly present in large numbers. 
How then does this large development of lymphoid tissue and of 
wandering cells in the wall of the gut in mammalia fit with what we 
know of the development of the lymphatic system in vertebrates ? 

We have already alluded to the fact that there appears to be a 
specialisation of the wandering cells in different regions of the body. 
A comparison of the condition of the lymphatic system and lymphoid 
tissue of the body as a whole in different vertebrates presents this fact 
in a new light, 
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In the less-specialised lymphatic system of amphibia and reptilia 
the peripheral part consists largely of irregular spaces rather than of 
defined vessels, and lymphoid tissue is not distributed along their 
course in a manner comparable to the lymphoid masses which lie as 
lymphatic glands on the course of the lymph vessels of mammalia. In 
the gut, as we have seen, the amount of lymphoid tissue is exceedingly 
small, and the contrast in this respect between a section of the small 
intestine of a frog or snake and that of a mammal is very. great, and 
the spleen of a frog does not contain masses of lymphoid tissue such 
as form the malpighian bodies of the spleen of mammalia. 

In these groups of animals in place of the widespread development 
of lymphoid tissue in lymphatic glands, in the gut wall and the 
solitary follicles and Peyer's patches of the gut &c., there is a concen- 
tration of this tissue in one organ, namely the thymus gland. 

In the mammalia a very different condition is found. The lym- 
phatic vessels now ramify as specialised tubes to the most remote 
parts of tissues, and the lymphoid tissue instead of being gathered into 
one mass is scattered about the body in masses having special relations 
to the lymph stream from definite areas of the body. 

The significance of this arrangement is obvious when we consider 
the effect of localised inflammatory lesions. If an infection of some 
part of the body take place, such for instance as the leg, the effects of 
the lesion may be traced along the lymphatic vessels of the thigh as far 
as the lymphatic glands of the groin, but there it abruptly ends. The 
afferent vessels of those glands bring lymph in quantities above the 
normal, laden, probably with noxious substances in solution in the 
plasma, certainly with dead and dying wandering cells and even with 
microbes, With this disorganised lymph the glands deal, eliminating 
its poisons and destroying its effete corpuscles, and so long as the 
glands are capable of coping with the difficulty so long will the lesion 
remain localised ’. 

In the processes which go on during inflammation we probably see 
merely a gross exaggeration of events occurring under- normal con- 
ditions. Each group of glands in the body is related to a definite 
group of tissues in that it receives the lymph flow from those tissues : 
and we must suppose that the numberless events to which the body is 
exposed affect the delicate balance of the chemical process, so that from 
time to time metabolites appear which so far depart from the common 


1 Of. Hoyer, Arch. f. mikr. Anat, xxxtv. 208. 1889. 
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either in quantity or quality as to deserve the title “abnormal.” The 
effect of excessive exercise may be cited as a case in point. 

On such bodies, if we may trust the phenomena of disease, lymphatic 
glands act so as to preserve the mean composition of the lymph’. In 
the spleen again we have tissue possessing broadly the same histological 
characters related to the blood stream as lymphatic glands are related | 
to the lymph stream. The processes which we know to occur in the 
spleen resemble those which are so obvious in inflamed lymphatic glands. 
In the spleen effete solid matter, such as red and white corpuscles, and 
bacteria are eliminated from the blood and there too the plasma suffers 
chemical changes. 

An instance of the action of the spleen on the blood plasma is 
furnished by animals fed with peptonate of iron—in these the spleen 
will be found to contain an incredible amount of arrested iron held in 
part by wandering cells entangled in the reticulum, and apparently in 
part by the cells of the reticulum itself. Unless we make the rash 
assumption that the iron is carried from the intestine wholly by 
wandering cells—an assumption which scarcely agrees with the fact of 
the rapid absorption of iron by the stomach and the paucity of leuco- 
cytes there—then some of this very large amount found overloading the 
spleen must have been removed from the blood plasma. 

If we turn now to that portion of the lymphoid tissue and wander- 
ing cells which forms the special subject of this paper we see that the 
great development of this tissue in the gut of mammalia is only a part 
of the developmental process which has perfected the peripheral vessels 
of the lymphatic system and placed on their course masses of lymphoid 
tissue each having a special functional relation to the tissues drained 

by its afferent lymph vessels, 
And as these masses of lymphoid tissue modify and control the 
histological structure and chemical composition of that peculiar overflow 
of the tissues and vascular system called lymph, so the lymphoid tissue 
of the gut with its contained wandering cells modifies the composition | 
of that special lymph which owes its composition chiefly to the activity 
of the endodermic epithelium. 

_ Note on changes in the cells at the base of the crypts of Lieberkiihn 
in feeding and hungry animals. The presence of large granules in the 
cells at the extreme base of the crypts of Lieberkiihn was first noticed 


1 Hofmeister (Arch. fiir exp. Path. u. Pharmak. xix. 1885) starting from a 
consideration of the fate of peptone in the body arrives at a similar view of the utility 
of the chemical processes carried out in lymphatic glands, 
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by Paneth’. The possession of these bodies seems to be a peculiar 
character of these basal cells, marking them off from the rest of the 
epithelium lining the crypts. 

In the course of our work on the wandering cells our attention was 
called to changes i in the extent of the granularity of Paneth’s cells and 
- @ comparison of various preparations showed that those from well-fed 
animals agreed in possessing a scanty granulation (Fig. 22), while those 
from hungry animals agreed in possessing numerous and large granules 
(Fig. 21). This change was observed in rats, and it would appear to 
show that the granules, like those of the salivary glands, pancreas, and 
other digestive glands, suffer loss during digestion. 


PLATE V. 


Figures 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 14, 16, 17, 18, 19, 21, and 22 are 
drawn with camera lucida and Ocular 4, Zeiss Objective th, Leitz. T. L. 
170. Same scale as in plate Kanthack and Hardy Woe. cit. 

_ Figures 10, 12, 13 are camera lucida drawings with Ocular 4, Objective 
D, Zeiss. 

Figure 20 is camera lucida drawing, Ocular 2, Objective ms 

Figure 15 a, 6 and ¢ are sketches from Ocular 4, Objective jth. 

Figures 1, 2, 3 and 4 show oxyphile cells from mucous coat side by side 
with oxyphile cells from peritoneal cavity, or blood. 


Fig. 1. Frog. (a) Oxyphile cell from mucous coat of intestine. 
(6) Oxyphile cell from peritoneal cavity. 
2.. Rabbit. (a) Oxyphile cell from small intestine, (6) 
granular oxyphile cell from omentum. 
Fig. 3. Rat. (a) Oxyphile cell from small intestine, (5) coarsely-granular 
oxyphile cell from peritoneal fluid. 
7 Fig. 4. Dog. (a) and (6) Oxyphile cells from small intestine, (c) coarsely- 
granular oxyphile cell from blood. 
Fig. 5. Rat. Basophile cells from mucous coat of small intestine. 
Fig. 6. Rat. Basophile cell from peritoneal fluid. 
Fig. 7. Rat. Basophile cell from small intestine with micro-organisms 
very abundant in lumen. Animal starved but ate its own feces. 
Fig. 8. Rat. Basophile cell from small intestine, 3} days’ starvation, gut 
healthy. 
Fig. 9. Ferret. Basophile cell from group shown in Fig. 10. Animal 
digesting. 


1 Arch. f. mikr, Anat. xxx1. 112, 1888. 
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Fig. 10. Ferret. Tangential section through apex of villus. 

Fig. 11. Dog. Almost completely disrupted basophile cell. Small in- 
testine. Compare with this Journal, Vol. xvit. Plate 11, Fig. 13. 

Fig. 12. Dog. Optical section, longitudinal through villus of dog showing 
layer of basophbile cells at base of epithelium. Eosine and methylene blue. — 

Fig. 13. Dog. Optical section, transverse through villus of dog mvs 
the basophile layer. 

Fig. 14. Dog. Hyaline othe, various sizes, 

Fig. 15. (a) Living oxyphile cell in hanging drop of inflamed lymph. 
Frog. Trace of methylene blue added. Successive stages in staining of 
nucleus shown in (6) and (c). 

Fig. 16, Guinea-pig. Hyaline cell holding an ingested oxyphile cell, 
and absorbed iron as droplets in its cell substance. Animal fed with 
Denayer’s peptonate of iron. Absolute alcohol. Potassium ferrocyanide and 
hydrochloric acid. Methyl-eosine and methylene blue. Before the application 
of the iron test the droplets appear bright yellow. 

Fig. 17. Guinea-pig. Hyaline cell holding iron. 

Fig. 18. Dog. Portion of crypt of Lieberkiihn about ? down showing 
wandering of oxyphile cells into lumen. Corrosive oe methyl-eosine, 
and methylene blue. 

Fig. 19. Dog. Portion of epithelium of crypt of Lieberkihn showing 
degenerated oxyphile cells, Corrosive sublimate, methyl-eosine and methylene 
blue. 

Fig. 20. Frog. Near junction of hepato-pancreatic duct with intestine. 
(a) focus of oxyphile cells which continues into gut wall and into peritoneal 
membrane, (b) pancreas. 

Fig. 21. Rat. Cells at base of crypt of Lieberkihn in aa animal 
(33 days), (a) oxyphile cell. 

Fig. 22. Rat. The same cells in full-fed animal. 
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Experiments on the Thyroid and Feremyre Glands. By 
WALTER EDMUNDS. 


Ir has long been known that in dogs and cats excision of the thyroid 
gland is followed in the great majority of instances by death within a 
few days. In rabbits however the same result has not followed the 
operation. In these animals there are certain small glands called 
parathyroid: they are two, and are situated one on each side of the 
trachea. They do not at all closely resemble the adult thyroid for they 
contain no vesicles and no colloid but consist mainly of secreting cells 
arranged more or less in columns. As these glands are situated some 
distance below the thyroid proper, in operations for the removal of the 
latter they have not been excised. Gley finds that if with the thyroid 
gland the parathyroids are also removed the animals die. These ex- 
periments of Gley’s have been repeated by the writer and it was found 
that (1) if the thyroid and parathyroids are removed the animals as a 
rule die : (2) if the parathyroids are alone removed no obvious result fol- 
lows: (3) if the thyroid is removed and the parathyroids left some of the 
rabbits live and some die: some of these latter die with symptoms of 
chronic myxcedema, the hair falls out and a remarkable swelling occurs 
in the lower part of the face. 

In these last experiments (group 3) the parathyroids are left to 
carry on all the work of the thyroid: they seem to hypertrophy some- 
what but no marked changes are found even under the microscope: 
they certainly do not develop into thyroid tissue proper, no vesicles 
and no colloid appear even after the lapse of months. | 
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Parathyroid glands also occur in dogs: but in them they are situated 
half embedded in the thyroid lobes, consequently in operations for the 
removal of the thyroid lobes they have also been removed. Gley how- 
ever finds that it is possible with care to remove the thyroid lobes proper 
and to leave the parathyroids in situ ; he finds too that if this is done the 
dogs do not die, but live. The writer found that if the whole of one lobe 
of the thyroid including the parathyroid be removed and also the greater 
part of the other the dog lives or dies according as the upper part with 
the parathyroid or the lower part without the parathyroid is left, that is 
to say if the second parathyroid is left the dog lives. 

The portion of thyroid left and also the parathyroid left hyper- 
trophy considerably: the former shews (1) a considerable hypertrophy 
of the secreting cells lining the vesicles, (2) the formation of new vesicles 
between the older ones, (3) sometimes also numerous vesicles empty of 
their colloid secretion as if it had been absorbed into the system. The 
parathyroid left shews mainly hypertrophy: there is no development of 
vesicles or colloid in it. 

Parathyroids are also found in the sheep, the seal, the monkey and 
man: probably they occur in all mammals. 

Although the tissue of the parathyroid gland does not at all resemble 
that of the thyroid in its adult form, there can be little doubt that they 
are intimately connected, not only on account of one being able to a great 
extent to replace the other physiologically but also because (1) the para- 
thyroid resembles the embryonic form of the thyroid, (2) the two tissues 
are occasionally found side by side in the parathyroid of the dog, and 
because they are closely connected anatomically; in the monkey the 
parathyroid is embedded in the substance of the thyroid. 

The effect of the administration of thyroid to normal animals was 
tried. The thyroids of sheep were given to dogs by feeding and in the 
form of extract injected subcutaneously in monkeys, and although large 
doses were given, and in the case of the monkeys repeated many days in 
succession, no visible effect was produced. 

The attempt was also made to save by thyroid treatment animals 
which had undergone thyroidectomy. Out of twenty thyroidless dogs 
thus treated only two were saved: this is a larger proportion than 
recover without treatment, and further in the fatal cases the treatment 
prolonged life by a few days and the symptoms were modified, consisting 
mainly of emaciation and asthenia without the convulsive attacks of 
dyspnea. 

In thyroidless monkeys out of eight treated with subcutaneous i injec- 
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tions of thyroid extract none recovered. The effects of injecting the 
defibrinated blood of a dog dying of athyroidea into a normal dog was 
tried with the result that certainly nothing more than an evanescent 
effect was produced: also from the spleens of dogs dead. from acute 
myxcedema the albumoses were extracted (by the kindness of Mr White); 
they were injected into guinea-pigs with a negative result. 

As bearing on Graves’s disease the effects of the subcutaneous 
injection of Cocain was tried on monkeys: two grains proved fatal in 
a few minutes, successive attacks of convulsions being followed by 
gradual cessation of respiration. Injections of a quarter or a fifth of a 
grain of the hydrochlorate produced great exophthalmos with widening 
of the palpebral fissure and dilatation of the pupil: previous division of 
the cervical sympathetic prevented on the opposite side, at least to a 
great extent (as Jessop had previously observed in rabbits), the effect 
of the Cocain. 

The nee related were made at the Brown Institution. 


Note on the question of heat production in glands upon © 
excitation of their nerves. By E. WAymouTH REID. 


THE demonstration of an increase of heat production in glands as a 
direct result of experimental excitation of their nerves is apparently 
still a matter-of uncertainty. 

Two recently published series of experiments with the salivary glands — 
of dogs, have brought their authors to opposite conclusions on the point. 

Morat’ using differentially arranged thermo-electric junctions em- 
bedded in the submaxillary glands, with a sensitiveness of galvanometer 
enabling him to note a difference of *005° C. between the temperatures 
of the junctions, charts a positive difference of nearly ‘05°C. for the gland 
whose sympathetic fibres were excited, in an animal bled to death five 
minutes previously; in another case, where the circulation was main- 
tained, but the head enveloped in cotton-wool to approximate the physical 
conditions, as nearly as possible to those of a deep set organ, he notes a 
difference of over ‘2°C. in favour of the gland undergoing excitation of its 
sympathetic. He deems the sympathetic “calorific,” in spite of its 
constrictor, fibres. 

Bayliss and Hill’ on the other hand conclude that “no formation 
of heat can be directly determined in the submaxillary gland by any 


1 Morat. Archives de Physiologie, 1893, p. 285. 
2 Bayliss and Hill. This Journal, vol. xvi. 1894, p. 351. 
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known method of measuring variations in temperatures.” They : also 
employed the thermo-electric junction method, with one junction in the 
aorta, introduced in a catheter vid the femoral artery, the other being 
either in the substance of the gland whose nerves were excited, or in a 
cannula in Wharton’s duct. The galvanometer gave a deflection of 
30° of scale for 1°C. Mercurial thermometers were also employed but 
are only quoted as reading to ‘1° C. 

They employed the resistance method of temperature measurement 
in the case of the salivary glands of the grass-snake, but obtained no 
evidence of heat production here, on stimulation. 

As far as I am aware the experiment has not yet been tried in the 
case of the liver, and since the marked difference of temperature between 
hepatic and portal blood indicates that heat production in hepatic meta- 
bolism must be considerable, and especially as the brothers Cavazzani’ 
have maintained that excitation of the coeliac plexus not only increases 
the output of sugar by the hepatic vein, but also causes a histologically 
demonstrable diminution of glycogen in the liver cells, I determined to 
attempt the demonstration of an increase of heat production as a result 
of nerve excitation, in the case of this organ. 

I deemed it advisable to stop the blood circulation in the organ 
while searching for heat production by the cells and, as the course of the 
nerves on the walls of the vessels precluded ligature, the animals were 
rapidly bled to death when all was ready for experiment. 

Cats were used and were in all cases deeply anwsthetised with the 
alcohol, chloroform and ether mixture. The splanchnics and vagi on 
both sides were prepared, divided, and their peripheral ends arranged 
for excitation on shielded electrodes sewn into the wounds. 

Excitation of the nerves was effected by the ordinary inductorium, 
and matters were so arranged that a single nerve of the four could be 
excited separately, or any larger number simultaneously. Excitation 
was carried on for periods of from one to five minutes. 

A cannula in carotid or femoral artery enabled me to rapidly bleed 
the animal to death, an operation usually immediately followed by 
destruction of the medulla. 

The first trials were made with a “metastatic” mercurial thermometer 
belonging to a Beckmann’s apparatus for estimating the boiling point. 
This instrument had a range of 5°C. on its scale, was graduated to 
hundredths of a degree, but with a lens was legible to thousandths. It 


1 FratelliCavazzani. Archives Italiennes de Biologie, T. xx. 1893, p. 270. Also 
Emil Cavazzani. Pfliiger’s Archiv, Bd, 57, 1894, p. 181. 
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was always raised to approximately the temperature of the animal before 
introduction into the liver, so that little time was lost before a reading 
could be taken. The great heat capacity of the large bulb of this 
instrument was however a serious objection to its employment in such 
experiments and after several negative experiments, I discarded it for 
the thermo-electric method. 

The junctions used were iron and nickel in the form of needles as 
devised by D’Arsonval. One junction was immersed in the liver, 
the other either in the thorax or in the musculature of the thigh. 
The liver always presented the higher temperature. 

The sensitiveness of the galvanometer allowed a reading to ‘008° C., 
which with the junctions in the leg muscles of opposite sides, gave upon 
excitation of the sciatic on one side, in the recently bled animal, ample - 
evidence of heat production. 

All unlike junctions in circuit, outside the animal’s body, were care- 
fully packed with cotton wool. 

The results of my experiments have been throughout negative as 
regards demonstration of production of heat in the liver on excitation 
_ of its nerves, and I therefore abstain from giving any details. 

With excitations of both splanchnics, or both vagi, or all four nerves 
at once, I have in no case been able to convince myself of any evidence 
of a rise of temperature of the junction in the liver, nor have I seen any 
“frigorific” effect, and am therefore forced to conclude that if excitation 
of these nerves produces any effect as regards heat production by the 
liver cells, the apparatus at my disposal was not sufficiently delicate for 
its demonstration. 
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the Physiological Society, Oxford, June 29th, 1895.) 


Heat Regulation in Hybernating Animals. By M. S. PEm- 
BREY and W. HALE WHITE. 


THE method employed was to follow the effect of changes of external 


temperature upon the respiratory exchange and temperature of a 
dormouse during hybernation. 


The following tables give some of the results. 


21. ix. 94. The dormouse was placed in the ventilated chamber for 
35 mins, before the first period, the temperature of water-bath being 25°. 


Consecutive periods of 15 minutes. 


co, Temp. of water-bath Remarks 
‘0236 grm. 25° Active ; washing itself. 
‘0173 23°75 Quiet. 
‘0188 25°5 Quiet ; coiled up. 
‘0183 15 
0059 15 
0023 24°25 
"0020 25 ¥ ” ” 
0159 B45 Awakes towards the end of 
this period. | 
0335 25 Awake, but quiet. 


The temperature of the air of the room was 13°. 
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24. ix. 94. The dormouse was placed in the ventilated chamber for 
30 mins. before the first period, the temperature of the water-bath being 25°. 


CO, 
0113 grm. 
0112 
0220 


‘0068 
0021 
‘0017 
0014 
0020 
0025 
‘0020 


Consecutive periods of 15 minutes. 


Temp. of water-bath 


25° 
24°75 
15 


15 
15 
25 
25 
25 
24:5 
24-75 


Remarks 
Coiled up, quiet. 


Active at first, then coiled 
up, quiet. 
Coiled up, quiet. 


The dormouse was coiled up and fast asleep at the end of the experiment. 


The temperature of the air of the room was 15°. 


25. ix. 94. The dormouse was placed in the ventilated chamber for 
25 mins. before the first period, the temperature of the water-bath being 30°. 


Consecutive periods of 15 minutes. 


Temp. of water-bath 


Quiet, coiled up. 

Active for a few minutes. 
Quiet. 

Active at times. 

Active, 

Active at times. 


The temperature of the air of the room was 13:5". 


Hybernating dormice were taken from cold to warm rooms. So long 
as their temperature did not mount beyond a point varying with diffe- 
rent animals between 11°5 and 13°C. their temperature rose and fell 
with that of the surrounding air, as the following table (which has been 


room the temperature of which was a little in excess of this, then its 
temperature rose rapidly till it was about 16°C., when the animal 
usually wakes and runs about, and within ten minutes of attaining 
16°C. its temperature is found to be 36°C. 


” 

j ” 

” 

q ” 

9? 

q ” 

C0, Remarks 

‘0080 grm. 30° 

0073 30 

4 ‘0163 22°5 

0194 22°75 

0136 22-5 

4 published in a paper on the specific heat of dormice) shows, but if the 
7 creature’s temperature rose to 13°C., owing to its being brought into a 
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Time Temp. of Dormouse Temp. of room 
9.10 a.m. 3 : 2°75 
Brought into a warm room. 

9.35 a.m. 10 
10.0 _,, 8:3 
10.30 ,, 
9°7 11-1 

Brought into a cold room. 
11.30 a.m. a 2°75 
11.50 ,, 4°86 2°75 
12.30 p.m. 3°9 2°75. 


The Reflex Spasm of Strychnin. By J. BuRDON SANDERSON. 


THE muscles of a slightly strychnized frog respond to instantaneous 
stimulation of the cutaneous surface by a spasm which consists of a 
‘regular succession of thrills, of which the frequency is at first about 

12—15 per second. Photographic curves were exhibited to prove that 

the electrical change which accompanies each of these thrills is not 

such as to indicate an “excitation wave” (Einzelschwankung) but of 
) such a nature as characterizes the response to continuous excitation. 
In other words, the strychnine spasm is not, as has been supposed, a 
tetanus, but a succession of continuous contractions of very 
short duration, recurring at regular periods of about 4 sec. 
and separated from each other by intervals of onmparnttre | 
relaxation. 

In the photographic curve these alternations of contraction and 
relaxation are associated with diminutions and augmentations of the 
difference of potential between the two contacts—indicated by alter- 
nating rises and falls of the mercury column of the electrometer. In 
each rise the mercurial column thrills, indicating that in this as in 
other cases of continuous excitation through ithe nerve, the muscle 
is in a state of electrical thrill or oscillation. The frequency of ' 
Bae Gee the electrical oscillation is 100—120 per second, 2.¢. about ten times 

as great as that of the mechanical thrill, and consequently as that of 
the rises and falls of the column. 

| The author concludes that in the reflex spasm of strychnin, the 
alternating augmentations and diminutions of the difference of poten- 
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tial between the contacts (muscle current) denotes that during the 
spasm the motor cells of the cord are in a state of interrupted discharge, 


t.e. that periods of discharge alternate with periods of cessation. But 


the excitations propagated from the cord to the muscles are not momen- 
tary, but have a relatively considerable duration—not less than jy sec., 
each producing an effect which is not that of a momentary excitation 
of a motor nerve (Einzelschwankung) but is so long as it lasts, like its 
cause, continuous. 


The electrical thrill is seen in all cases of continuous indirect 


excitation of an entire muscle, whether the origin of the excitation is 
central (reflex) or applied to the nerve—the typical examples being 
Ritter’s “tetanus,” the Dauer contraction produced by closing a 
battery current through a motor nerve, salt, “tetanus,” etc. . 


The Quantitative Relation between Stimulation and Nega- 
tive Variation of Nerve. By A. D. WALLER. 


The points with regard to which evidence is submitted are to the 
following effect : 


(1) Within (and above) the physiological working range of nerve 
the relation between cause (excitation) and effect (negative variation) 


is arithmetical. The curve (excitations along the abscissa, negative 


variations along the ordinates) is a straight line. 


(2) Increased excitation (electrical) above that giving maximal 
muscular contraction gives increased negative variations. 


(3) An entire curve expressing the relation between cause and 
effect within the nerve itself (excitations along the abscissa, negative 
variations alung the ordinates) is S-shaped, consisting of 

(a) Ashort subminimal portion, convex to the abscissa, increasing 
by increasing increments ; 

(b) A long middle portion, inclusive of the functional range from 
minimal to maximal muscular effects, ———s by equal. increments, 
t.¢é. in a straight line ; 


(c) A long ultra-maximal portion, concave to the abscissa, ae 


creasing by diminishing increments. 
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. 


N.B. The revolving key in the primary circuit is closed each minute 
for ith of a minute. 


Simultaneous record of muscular tetanus (lower line) and of negative variation 
of nerve-current (upper line) taken with apparatus above figured. 


j 
Method. 
| 
i 
i 
; 
q 
y 
a 
| 
| 
| 
| 4 
| 
> 
: 
; 
. 


PROCEEDINGS OF THE PHYSIOLOGICAL 
Data. : No. 103. 


Coil Dist: Stim. Str. Galv. Swing Muscle lift 
Br. desc. 44(10°) 2-03 1 4 mm. 
43. ' 2°17 2 9 
42 2-33 6 11 | 
41 2°57 12 15 
40 2°77 18 22 
39 3°03 26 22 
38 3°30 35 22 
Br. asc. 36 © 3°92 3°5 Desc. break more effec- 
35 4:27 13 tive than ascending 
34 4°63 26 break. 
33 5 33 
32 5°d 40 No shunt. 
32 5°5 37 4 
31 6°03 41 
30 6°67 47 
29 7°43 53 
Br. desc. 30 6°67 53 
No. 104. 
Dist. of coil Dir. of break Str. of stim. Defi. 
35 (10°) Br. asc. 4:3 18 Plug } .*. defl. x 10 
Br. dese. 50 qT 
34 4°6 55 Interp. 15mm. 
22 G. & Ex. 15 
33 5-0 35 Ex. 
55 Exc. to M. 10 
32 55 40 
50 
40 Desc. more effective 
50 than ascending 
31 6:0 50 break. ee 


25 


20 (0°) 


bo 
Se art ares & 


60 
| 6°6 50 
60 
7°4 60 
60 
65 
4 55 
9°6 60 
55 
4 ll 55 
60 
12°2 65 
4 55 
q 81 80 
4 90 
3 75 
q 75 
75 
75 
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Dist. of coil Dir. of break 


Shunt 4 


40 (5°) 


39 
38 
37 
36 
35 


No. 105. 


Str. of stim. 
1°38 


152 
1°65 
1-79 
1-97 
2°13 


29, 1895. 
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Muscle lift 


0 mm. 
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Dist. 
30 
29 

98 

27 

26 


24 


Br. dese. 


Dir. 


asc. 
desc. 
a 
d 
a 
d 
a 
d 
a 
a 
d 
a 
d 
a 
d 


Stim. Str. 
0°5 
1:0 
1°5 
2-0 
25 
3°0 


Str. 
8:20 


9-60 


19-20 


28°75 
38°30 


47-90 


57°50 


No. 106. 

4 802 23 70 

35 80 

333 29 7D 

38 85 

22(2) 

49 100 

425 22(3) 90 

48 105 

480 54 92(4) 100 

30 110 
B50 45 22(5) i00 

B5 110 

25 610 60 22(8) 86100 

60 110 

7°00 65 

65 

No. 130. 

Def. Lift Stim. Str. Def. Lift 

2°5 0 Br. desc. 0°5 3 0 mm. 

4 7 1°5 1] 4 
12 18°5 20 13 20 

21 19 25 195 

j 28 19 3°0 26°5 19 


SOCIETY, JUNE 29, 1895. xiii 


No. 134 
Stim. Str. Defi. _ Stim. Str. Defi. 
2°5 35 | 25 100 
3 60 
3°5 65 75 115 Break asc. 
4 68 100 115 
45 70 125 115 + shunt. 
5 73 
5 73 125 110 
10 78 125 115 
15 83 125 105 
20 90 125 108 
25 100 : 
No. 136 
Stim. Defi. Stim Defi. 
2°5 ? 25 16 Br. asc. 
3 BS. 50 22 No shunt. 10,000 Ohms 
3°5 dil ? 75 23 added in circuit. 
4 13 100 22 
13°3 125 22°5 
13°5 
125 22°5 
5 14:7 125 29 
10 15 125 18 
15 156 125 
20 15°3 
25 
No. 159 
Shunt 7500, viz. $ 
Stim. str, Defi Stim. str Defi 
1 ase. 0 Same nerve 10 16 
desc. 26 15 16 
2 asc. 0 20 a 17 
4 22 25 d 14 
5 26 
6 25 25 a 13 
7 25 50 a 16 
8 25 75a 14 
9 24 100 a 13 
d 8 
8 17 
9 17 
10 17 


The numbers denoting stimulation-strength refer to the scale of Kro- 
necker inductorium fed by two Leclanché cells. 
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Precautions were observed to exclude fallacies (cf. Brain, July, 
1895) and a final proof of the physiological nature of the nerve-effect is 
afforded by records shown of the influence of gases upon the deflec- 
tions, viz.: 

(1) by CO,, diminution followed by augmentation ; 

(2) by the vapour of 1°/, Et,O, augmentation followed by dimi- 


nution ; 
(3) by the vapour of 1°/, CHCl,, augmentation followed by dimi- 
nution ; 


(4) by the vapour of undiluted Et,O, temporary abolition ; 

(5) by the vapour of undiluted CHCl,, temporary abolition, more 
prolonged than in (4). 

(6) by the vapour of 5°/, HCN, permanent abolition. 
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